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CHAPTER - I 
PART-A : ^^ C-NMR Studies of S t e ro ida l Oxltnes. Lactams and 
Te t razo les 
S c i e n t i f i c proceedings r equ i re more and more precis ion to 
render a cogent method for i d e n t i f i c a t i o n and cha rac te r i za t ion 
13 of substances , C-NMR spectroscopy, p a r t i c u l a r l y in terms of 
var ious unequivalent carbons present in a molecule, has proved 
i t s great worth for organic chemis ts . For large and complex 
molecules l i k e s t e r o i d s , where so many carbons fused a l i c y c l i -
13 c a l l y , no o ther method than C-NMR spectroscopy i s capable of 
providing complete information regarding t o t a l framework of the 
molecule. Recent advances in t h i s f i e l d , made t h i s method more 
s impl i f ied , for an easy c h a r a c t e r i z a t i o n of organic compounds. 
Here "^ C^-NMR s tud i e s are recorded for oximes (CXIV, XCVI, 
XCVIII and C) obtained from ketones (XCII, XCV, XCVII and XCIX) 
lactams (CIII and CIV) obtained from oximes (XCVIII and XCIV) 
and t e t r a z o l e s (CVI, CVII, CX and CXII) obtained from ketones 
(CV, CVII, CIX and CXI), r e s p e c t i v e l y . 3p-Acetoxy-5a-choles-
tan-6-one oxime (XCIV), 3p-chloro-5a-choles tan-6-one oxime 
(XCVI), ba-cholestan-6--one oxime (XCVIII), and 3a ,5-cyclo-5a-
choles tan-6-one oxime (C) were obtained from 3p-acetoxy~5a~ 
choles tan-6-one (XCIl), 3p-chloro-5a-choles tan-6-one (XCV), 
5a-choles tan-6-one (XCVII) and 3a,5-cyclo-5a-choles tan-6-one 
(XCIX) r e s p e c t i v e l y . 
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6-Aza-B-homo-5a-cho les tan-7-one ( C I I I ) and Sp-acetoxy-
6-aza-B-homo-5a-choles tan-7- -one (CIV) were o b t a i n e d from 
oximes (XCVIII) and (XCIV) r e s p e c t i v e l y . 
^8^17 
iii X 
3-Aza-A-homo-4a-methylcholest-4a-eno[3,4-d]tetrazole 
(CVI), 3-aza-A-homo-4a-ethylcholest-4a-eno[3,4-d]tetrazole 
(CYIII), 4-aza-A-homo-4a,4b-dlmethylcholest-5-enoL3,4-d] 
tetrazole (CX), and 4-aza-A-homo-4a,4b-dlethylcholest-5-eno 
[4,3-d]tetrazole (CXII) were prepared from 4-methylcholest-
4-en-3--one (CV), 4-ethylcholest-4-en-3-one (CVII), 4,4-di-
methylcho.lest-b-en-3-one ^CIX; and 4,4-diethylcholest-b-en-
3-one (CXI) respectively. 
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PART^B : C D . Spectral Studies of Steroidal Lactams : 
The phenomenon of circular dichroism is more plausible 
to optically active compounds, having chiral centre and chro-
mophore. For steroidal carbon framework, consisting of eight 
asymmetric carbons alicyclically fused, and the presence of 
chromophore, made C D , a worthy tool for determining configu-
rational, stereochemical and structural aspects. C D . spectral 
studies were carried out for 6-aza-B-homo-5a-cholGstan-7-one 
( c m ) , 3p-hydroxy-6-aza-B-homo-5a-cholestan-7-one (CXCIII), 
3p-acetoxy-6-aza-B-homo-5a-cholestan-7-one (CIV) and 3p-chloro-
6-aza-B-homo-5a-cholestan-7~one (CXXIV) obtained from 5a-
cholestan-6-one oxime (XCVIII), 3p-hydroxy-5a-cholestan-6-one 
oxime (CXCII), 3p-acetoxy-5a-cholestan-6-one oxime (XCIV), 
and 3p-chloro-5a-cholestan--6-one oxime (XCVl) respectively. 
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CHAPTER - II 
Mutarotation of 5.6g-Dibromo-5a-Cholestane : 
Understanding of reactions and mechanisms is predicable 
to conformational analysis, in the field of steroids, bile 
acids, triterpenes and allied alkaloids. Significant confor-
mational chanqes were observed under certain reaction conditions 
: vl I 
due to the phenomenon called 'mutarotatlon* to give compositi-
onally same but structurally changed compound having entirely 
different characteristics. Sophisticated and recent techniques 
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i n c l u d i n g UV, IR, H-NMR, C-NMR, Mass s p e c t r o s c o p y , helped a 
l o t i n d i f f e r e n t i a t i n g between t h e s e confo rmers . 5,6P~Dibromo-
5 a - c h o l e s t a n e (XVII) m u t a r o t a t e d i n p r e s e n c e of d i f f e r e n t bases 
( s u c c i n i m i d e , d imethy lamlne , and morphol ine) t o g ive more s t a b l e 
5 ,6a -d ib romo-5p -cop ros t ane ( X V I I I ) , in c o n t r a s t t o r e p o r t e d 
r e s u l t s . 3 |3 -Hydroxy-5 ,6p-d ib romo-5a-cho les tane (XVIIa^, 3 p -
a c e t o x y - 5 , 6 p - d i b r o m o - 5 a - c h o l e s t a n e (XVIIb^), 3 p - c h l o r o - 5 , 6 P -
d i b r o m o - 5 a - c h o l e s t a n e (XVIIc) d id not m u t a r o t a t e d under t h e s e 
r e a c t i o n c o n d i t i o n s due t o i n t e r a c t i o n between C3~p s u b s t i -
t u e n t s and ClO-methyl group as d e s c r i b e d in t h e o r e t i c a l p a r t and 
r e a c t e d wi th t h e ba se s t o g i v e d i f f e r e n t p r o d u c t s . 
CoH 
IXVII) 
(XVIIa) 
(XV l i b ) 
(XVIIc) 
8" 17 
JL-
H 
OH 
OAc 
CI 
U V I I I ) 
Br 
H 
vii : 
CHAPTER-III 
Synthesis of Steroidal Qxathiolanes : 
Some new steroidal oxathiolanes were synthesized in 
continuation with the previous work done in our laboratory, 
and their stereochemistry was established by spectroscopic 
techniques. Exact configuration of oxathiolane ring was 
established with the help of shift reagent [Tris-Dipivalo-
methantoeuropium (III)]. 5a~Cholestane-3,6-dione (LXXII) 
reacted with p-mercaptoethanol in presence of BF^-etherate 
to give 3p-oxy--3a-thiodimethylene-5a-cholestan-6-one (LXXIII), 
3a-oxy--3p-thiodimethylene-5a-cholestan-6-one (LXXIV), bis-3, 
6-(^--oxy-a~thiodimethylene)-5a-cholestane (LXXV), and bis-3, 
6-'(a--oxy-p-thiodimethylene)~5a-cholestane (LXXVI), whereas 
two isolable products, 3p-oxy-3a-thiodimethylene-5-hydroxy-
5ft"-cholestan-6-one (LXXVIIIa) and bls-3,6-Cp-oxy-a-thlodi-
methylene)-5-hydroxy-5a-cholestane (LXXIXa) were obtained from 
5~hydroxy-5a-cholestan--3,6-dione (LXXVII) under same reaction 
conditions. 
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CHAPTER-IV 
Reac t ion of D lb romos te ro ld s w i th Organic Bases t 
The p h y s i o l o g i c a l p r o p e r t i e s of s t e r o i d a l a l k a l o i d s and 
t h e d i s cove ry of a v a r i e t y of oxygen and n i t r o g e n c o n t a i n i n g 
compounds wi th u s e f u l t h e r a p e u t i c va lue s s t i m u l a t e d e x t e n s i v e 
r e s e a r c h in t h i s f i e l d and t h i s r e s u l t e d i n t h e p r e p a r a t i o n 
of a v a r i e t y of oxa and aza s t e r o i d s . R e a c t i o n s of dibromo-
s t e r o i d a l d e r i v a t i v e s wi th secondary amines / secondary amine 
d e r i v a t i v e s , were c a r r i e d out w i th more e a s e , and t h e p r o d u c t s 
were i d e n t i f i e d and c h a r a c t e r i z e d by using l a t e s t s p e c t r a l 
t e c h n i q u e s . 3 ,6 -Acetoxy-5 ,6p-d ibromo-5a~choles tane (CXLII) 
gave 3 p - a c e t o x y - 6 - d i m e t h y l a m l n o c h o l e s t - 5 - e n e (CXLII I ) , 3p -
a c e t o x y - 5 - b r o m o - 6 p - h y d r o x y - 5 a - c h o l e s t a n e (CXLIV), and 3 p - a c e -
t o x y ~ 5 - b r o m o - 6 p - s u c c i n i m i d o - 5 a - c h o l e s t a n e (CXLV) on t r e a t m e n t 
wi th d lmethy lamine , d i e t h a n o l a m i n e , and s u c c i n i m i d e r e s p e c t i -
v e l y . 3p -Chlo ro -5 ,6P~d ib romo~5a-cho les t ane (CXLVI) on r e a c -
t i o n wi th s u c c i n i m i d e and d i e t h a n o l a m i n e f u r n i s h e d 3 p - c h l o r o -
5-bromo-6p-amino-5a-~cholestane (CXLVIII) and 3 p - c h l o r o - 5 -
bromo-6p-n i t ro -5a~c l io les tanG (CXLVIII) r e s p e c t i v e l y . Reac t ion 
of 3p -hydroxy-5 ,6 |3 -d ib romo-5a -cho les t ane (CXLIX) wi th morpho-
l l n e and s u c c i n i m i d e af forded 3 p - h y d r o x y - 6 - m o r p h o l i n o c h o l e s t -
5~ene (CL) and 3 ^ - h y d r o x y - 6 ~ s u c c i n i m l d o c h o I e s t - 5 - e n e (CLI) 
r e s p e c t i v e l y . 
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CHAPTER-V 
Acy. la t lpn , ,Mac.UPJ^s_wjJ^^ : 
Acyl d e r i v a t i v e s a re of v a s t u t i l i t y i n t h e f i e l d cf 
s y n t h e t i c o rgan ic c h e m i s t r y , and a r e used as I n t e r m e d i a t e s 
i n o rgan ic s y n t h e s i s , as d rugs and m e d i c i n e s . F r i e d e l -
Cra f t s method of a c y l a t i o n i s of much impor tance amongst 
o t h e r methods, due t o i t s s e l e c t i v i t y . A c y l a t i o n of s t e r o i d a l 
o l e f i n s was c a r r i e d out with more ease by employing zinc meta l 
powder as compared t o preformed anhydrous z inc c h l o r i d e as 
c a t a l y s t , though t h e n a t u r e of t h e r e a c t i o n changed, C h o l e s t -
5-ene (CXXl) on t r e a t m e n t wi th a c e t i c anhydr ide and p rop ion ic 
anhydr ide in p re sence of anhydrous z inc c h l o r i d e af forded 6^-
a c e t y l c h o l e s t ~ 4 - e n e (CXXII) and 6 p - p r o p a n y l c h o l e s t - 4 - e n e 
(CXXIV), which on f u r t h e r r e a c t i o n with hydroxylamine hydro -
c h l o r i d e in p r e s e n c e of sodium a c e t a t e t r i h y d r a t e fu rn i shed 
6 p - a c e t y l c h o l e s t - 4 - e n - l ' - o x i m e (CXXIII) and 6 p - p r o p a n y l c h o l e s t -
4 - e n - l ' - o x i m e (CXXV), r e s p e c t i v e l y . Reac t ion of c h o l e s t - 5 - e n e 
(CXXI) wi th a c e t y l c h l o r i d e and z inc meta l powder gave 5 , 6 p -
d i a c e t y l - 5 a - c h o l e s t a n e (CXXVI). 3p -Hydroxy-cho le s t -5 - ene 
(CXXVII) and 3 p - a c e t o x y c h o l e s t - 5 - e n e (CXXIXJ have undergone 
rea r rangement i n p re sence of a c e t y l c h l o r i d e and zinc meta l 
powder to g ive 3 p - a c e t o x y c h o l e s t - 5 a - h y d r o x y - ^ p - ( l ' - m e t h y l ) 
propanoic a c i d - d - l a c t o n e (CXXVIII), whereas 3 p - c h l o r o c h o l e s t -
5-ene (CXX) gave 3 p - c h l o r o c h o l e s t - 5 a - h y d r o x y - 6 p - ( l ' - m e t h y l ) 
x i i i 
propanoic a c i d - d - l a c t o n e (CXXX) under same r e a c t i o n c o n d i -
t i o n s . The s t r u c t u r e s o f t h e s e compounds were e s t a b l i s h e d on 
t h e b a s i s of a n a l y t i c a l and s p e c t r a l e v i d e n c e s . 
CoH 8" 17 
(CXXI) 
ZnCl^ 
CH3COCI 
ZnCl. 
(CXXVI) 
(CXXII) 
(CXXIV) 
R 
CH, 
S"5 
NH2OH.HCI 
CH3COONa.3H20 
=N-OH 
R 
(CXXIII) CH. 
(CXXV) S"5 
: x iv : 
CgHj^ y 
CH^COCl 
ZnCl, 
R R 
(CXXVII) 
(CXXIX) 
(cxx) 
OH 
AcO 
CI 
(CXXVIII) 
(CXXVIII) 
(cxxx) 
AcO 
AcO 
CI 
STEROIDAL TRANSFORMATIONS 
THESIS SUBMITTED FOR THE DEGREE OF 
Bottor of $I|tlos(Dptip 
IN 
CHEMISTRY 
SUHEL AM IN 
DEPARTMENT OF CHEMISTRY 
ALIGARH MUSLIM UNIVERSITY 
ALIGARH (INDIA) 
1993-94 
T4642 
nxr\ 
To My Parents 
Who Have Done 
So Much For Me 
Dr. SHAFIULLAH 
Professor of Chemistry 
Steroid Research Laboratory 
Department of Chemistry 
Tel, 23515 
mm^ Muslim mniiittiitp 
ALIGARH 202 0 0 2 U. P. INDIA 
21.3.1994 
Dated 
This is to certify that the work embodied 
in this thesis entitled 'Steroidal Transformations' 
is the original work done by Mr. Suhel Amin under 
my supervision. The thesis is suitable for sub-
mission for the award of the degree of Doctor of 
Philosophy in Chemistry. 
(Prof. Shaflullah) 
Acknowledgements 
I wish to express my deep sense of gratitude to 
Professor Shafiullah, Department of Chemistry, A.M.U. 
Aligarh for his cooperation, constructive criticisms, 
helpful discussions and able guidance throughout the 
research period. My special thanks are due to Dr. M, 
Mushfiq for his able persuance and admirable behaviour 
throughout research work. I am extremely grateful to 
Prof. M.S. Ahmad for his valuable guidance and sincerity 
in accompolishing this work done. I sincerely thank 
Prof. M.A. Beg, former chairman and Prof. A.A. Khan, 
Chairman, Department of Chemistry, for providing nece-
ssary research facilities. 
I am grateful to my research colleagues for their 
cooperation. Painstaking job of typing the manuscript 
by Mr, Mohd. Ayub Khan is appreciated. 
I take this opportunity to acknowledge the instru-
mentation services provided by Dr. H. Takayanagi, School 
of Pharmaceutical Sciences, Kitasato University, Japan, 
and Instrumentation Centre, Department of Chemistry, 
A.M.U, Aligarh. 
[SUHEL AMIN] 
Contents 
PAGE NO. 
SUMMARY ... i - xiv 
INTRODUCTION 
CHAPTER-I: -^ C^-NMR Studies of Steroidal Qximes. 
Lactams, and Tetrazoles and C.D« 
Spectral Studies of Steroidal Lactams 
PART - A : •'•^ C-NMR STUDIES OF STEROIDAL OXIMES. 
LACTAMS AND TETRAZOLES 
THEORETICAL ... 1 - 2 0 
DISCUSSION ... 21 - 31 
PART - B : C D . SPECTRAL STUDIES OF STEROIDAL 
LACTAMS 
THEORETICAL 
DISCUSSION 
EXPERIMENTAL [Part A and B] 
REFERENCES [Part A and B ] ... 8 4 - 9 0 
CHAPTER-II : MUTARQTATION OF 5.66-DIBROMQ-
5a-CH0LESTANE 
THEORETICAL ... 9 1 - 1 2 4 
DISCUSSION ... 125 - 132 
EXPERIMENTAL ... 133 - 135 
REFERENCES ... 136 - 138 
32 -
62 -
67 -
61 
66 
83 
CHAPTER-III : SYNTHESIS OF STEROIDAL OXATHIQLANES 
THEORETICAL 
DISCUSSION 
EXPERIMENTAL 
REFERENCES 
CHAPTER-IV : REACTIONSOF DIBROMOSTEROIDS WITH 
ORGANIC BASES 
THEORETICAL 
DISCUSSION 
EXPERIMENTAL 
REFERENCES 
CHAPTER-V : ACYLATION REACTIONS WITH STEROIDAL 
OLEFINS 
THEORETICAL 
DISCUSSION 
EXPERIMENTAL 
REFERENCES 
139 -
152 -
172 -
181 -
- 151 
- 171 
' 180 
- 182 
183 -
217 -
245 • 
255 -
- 216 
- 244 
- 254 
- 259 
260 -
287 -
301 -
310 -
- 286 
- 300 
- 309 
- 314 
Introduction 
steroids, closely related to isoprenoids, are extensively 
distributed in living nature. These, have structurally the 
same cyclopentenophenanthrene skeleton, are classified into 
large groups like sterols, bile acids, steroidal hormones, 
genins (in the form of glycosides present in plants and used 
as cardiostimulants), toad poisons, sapogenins, and steroidal 
alkaloids (which in contrast to other groups, contain nitrogen). 
Sterols (neutral, stable, crystalline alcoholic substances from 
which the name steroid is derived) are regular constituents of 
animal and plant fats and oils. Phytosterols (sterols of vege-
table origin), occur in small amounts in all parts of plants 
and are found in relatively great abundance in seeds and 
pollens. Sitosterol is widely distributed in plants. Erqo-
sterol is a sterol from yeast, and stigmasterol occurs in 
calabar bean and soyabean alongwith sitosterol. Cholesterol, 
the characteristic sterol of higher animals and present in ali 
cells of animal organisms, is the chief constituent of human 
gallstones, and exist in largest amounts in the brain and nerve 
tissues, in the suprarenal glands, and in egg yolk. The solid 
matter of human brain contains as much as 17 percent of chole-
sterol. The sex hormones [androgenic hormones(androsterone 
ana testosterone) in the male organisms, and estrogenic 
(estrone, estradiol and equilenin) and gestogenic (progesterone) 
hormones in the female organisms)] are responsible for the 
development of the male and female sexual characteristics and 
for normal responses peculiar to each sex. The most dramatic 
and extensive expansion of steroid chemistry came into exis-
tence with the isolation of the first female hormone in 1929 
and the male hormone in 1933 by Butenandt and coworkers. 
Efforts have been made to synthesize steroidal compounds with 
useful therapeutic and biological activities within last few 
decades. 
Our laboratory is mainly concerned with the synthesis, 
identification and characterization of steroids with the help 
of chemical and spectral techniques. The present work inclu-
des the synthesis and characterization of some oxygen, sulphur 
and nitrogen containing steroids which may exhibit some useful 
biological activities. 
Summary 
CHAPTER - I 
PART-A : -^ ^C-NMR S t u d i e s of S t e r o i d a l Oximes. Lactams and 
T e t r a z o l e s 
S c i e n t i f i c p roceed ings r e q u i r e more and more p r e c i s i o n to 
r ende r a cogent method fo r i d e n t i f i c a t i o n and c h a r a c t e r i z a t i o n 
13 
of s u b s t a n c e s . C-NMR s p e c t r o s c o p y , p a r t i c u l a r l y in terms of 
v a r i o u s unequ iva l en t carbons p r e s e n t in a mo lecu l e , has proved 
i t s g r e a t worth f o r o rgan ic c h e m i s t s . For l a r g e and complex 
molecules l i k e s t e r o i d s , where so many carbons fused a l i c y c l i -
13 
c a l l y , no o t h e r method than C-NMR spec t roscopy i s capable of 
p r o v i d i n g complete i n fo rma t ion r e g a r d i n g t o t a l framework of t h e 
molecu le . Recent advances in t h i s f i e l d , made t h i s method more 
s i m p l i f i e d , f o r an easy c h a r a c t e r i z a t i o n of o rgan ic compounds. 
13 Here C-NMR s t u d i e s a re r eco rded fo r oximes (CXIV, XCVI, 
XCVIII and c ; ob ta ined from ke tones (XCII, XCV, XCVII and XCIX) 
lac tams (CI I I and CIV) ob ta ined from oximes (XCVIII and XCIV) 
and t e t r a z o l e s (CVI, CVII, CX and CXII) ob ta ined from ketones 
(CV, CVII, CIX and CXI), r e s p e c t i v e l y . 3 p - A c e t o x y - 5 a - c h o l e s -
t a n - 6 - o n e oxime (XCIV), 3 p - c h l o r o - 5 a - c h o l e s t a n - 6 - o n e oxime 
(XCVI), 5 a - c h o l e s t a n - 6 - o n e oxime (XCVIII), and 3 a , 5 - c y c l o - 5 a -
c h o l e s t a n - 6 - o n e oxime (C) were ob ta ined from 3 p - a c e t o x y - 5 a -
c h o l e s t a n - 6 - o n e (XCII ) , 3 p - c h l o r o - 5 a - c h o l e s t a n - 6 - o n e (XCVJ, 
5 a - c h o l e s t a n - 6 - o n e (XCVII) and 3 a , 5 - c y c l o - 5 a - c h o l e s t a n - 6 - o n e 
(XCIX) r e s p e c t i v e l y . 
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(C) 
6-Aza-B-homo-5a-choles tan-7-one ( C I I I ) and 33-acetoxy-
5_3Za-B-homo-5a-choles tan-7-one (CIV) were o b t a i n e d from 
oximes (XCVIII) and (XCIV) r e s p e c t i v e l y . 
(XC\/^ III) 
(XCIV) 
CQH^J 
111 
3-Aza-A-homo-4a-methylcholest-4a-eno[3,4-dJtetrazole 
(CVI), 3-aza-A-homo-4a-ethylcholest--4a-eno[3,4-d]tetrazole 
(CVIII), 4-aza-A-homo-4a,4b-dimethylcholest-5-enoL3,4-d] 
tetrazole (CX), and 4-aza-A-homo-4a,4b-diethylcholest-5-eno 
[4,3-d]tetrazole (CXII) were prepared from 4-methylcholest-
4-en-3-one tCV), 4-ethylcholest-4-en-3-one (CVII), 4,4-di-
methylcholest-5-en-3-one CCIX; and 4,4-diethylcholest-b-en-
3-one CCXI) respectively. 
(CV.) 
R 
B F 3 - e t h e r a t e 
(CVI) 
R 
CH, 
(CVII) C^H^ ( C V I I I ) C2H^ 
IV 
(CIX) 
Ccxi) 
R 
CH3 
^2^5 
^s'^i? 
(ex) 
R 
CH, 
(CXII) C„H^ 
PART-B : C D . Spectral Studies of Steroidal Lactams : 
The phenomenon of circular dichroism is more plausible 
to optically active compounds, having chiral centre and chro-
mophore. For steroidal carbon framework, consisting of eight 
asymmetric carbons alicyclically fused, and the presence of 
chromophore, made CD. a worthy tool for determining configu-
rational, stereochemical and structural aspects. CD. spectral 
studies were carried out for 6-aza-B-homo-5a-cholestan-7-one 
( c m ) , 3p-hydroxy-6-aza-B-homo-5a-cholestan-7-one (CXCIIl), 
3p-acetoxy-6-aza-B-homo-5a-cholestan-7-one (CIV) and 3^-chloro-
: V : 
6-aza-B-homo-5a-cholestan-7-one (CXXIV) obtained from 5a-
cholestan-6-one oxime (XCVIIl), 3^-hydroxy-5a-cholestan-6-one 
oxime (CXCIl), 3p-acetoxy-5a-cholestan~6-one oxime (XCIV), 
and 3p-chloro-5a-cholestan-6-one oxime (XCVI) respectively. 
^8^17 
(cm) 
(CXCIII ) 
(CIV) 
(CXCIV) 
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CHAPTER - II 
Mutarotation of 5.63-Dibromo-5a-Cholestane : 
Understanding of reactions and mechanisms is predicable 
to conformational analysis, in the field of steroids, bile 
acids, triterpenes and allied alkaloids. Significant confor-
mational changes were observed under certain reaction conaitions 
vi 
due to the phenomenon called 'mutarotation* to give compositi-
onally same but structurally changed compound having entirely 
different characteristics. Sophisticated and recent techniques 
1 13 
including UV, IR, H-NMR, C-NMR, Mass spectroscopy, helped a 
lot in differentiating between these conformers. 5,6p-Dibromo-
5a-cholestane (XVII) mutarotated in presence of different bases 
(succinimide, dimethylamine, and morpholine) to give more stable 
5,6a-dibromo-5p-coprostane (XVIII), in contrast to reported 
results. 3p-Hydroxy-5,6p-dibromo-5a-cholestane (XVIIaJ, 3p-
acetoxy-b,6p-dibromo-5a-cholestane (XVIIb), 3(3-chloro-5,6fi-
dibromo-5a-cholestane (XVIIc) did not mutarotated under these 
reaction conditions due to interaction between C3-p substi-
tuents and ClO-methyl group as described in theoretical part, and 
reacted with the bases to give different products. 
(.XVII) 
(XVIIa) 
( X V I I D ) 
CXVIIc) 
R 
H 
OH 
OAc 
CI 
^8^17 
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CHAPTER-III 
Synthesis of Steroidal Oxathiolanes : 
Some new steroidal oxathiolanes were synthesized in 
continuation with the previous work done in our laboratory, 
and their stereochemistry was established by spectroscopic 
techniques. Exact configuration of oxathiolane ring was 
established with the help of shift reagent [Tris-Dipivalo-
methantoeuropium (III)]. 5a-Cholestane-3,6-dione (LXXIIj 
reacted with p-mercaptoethanol in presence of BF^-etherate 
to give 3p-oxy-3a-thiodimethylene-5a-cholestan-6-one (LXXIIIj, 
3a-oxy-3p-thiodimethylene-5a-cholestan-6-one (LXXIV;, bis-3, 
6-(p-oxy-a-thiodimethylene)-5a-cholestane (LXXV), and bis-3, 
6-(a-oxy-p-thiodimethylene)-5a-cholestane (LXXVI), whereas 
two isolable products, 3p-oxy-3a-thiodimethylene-5-hydroxy-
5a-cholestan-6-one (LXXVIIIa) and bis-3,6-(p-oxy-a-thiodi-
methylene)-5-hydroxy-5a-cholestane (LXXIXa) were obtained from 
5-hydroxy-5a-cholestan-3,6-dione (LXXVII) under same reaction 
conditions. 
V l l l 
P OH 
- SH 
B F 3 - e t h e r a t e 
(LXXII) ( L X X I I i ; 
(LXXVI) (LXXV) (LXXIV) 
(LXXVII) 
CgHj^y 
I I 
I I 
(LXXVIIIa) 
+ 
(LXXIXa) (LXXVIIIb) 
I X 
CHAPTER-IV 
Reac t ion of D lb romos te ro ids wi th Organic Bases : 
The p h y s i o l o g i c a l p r o p e r t i e s of s t e r o i d a l a l k a l o i d s and 
t h e d i s cove ry of a v a r i e t y of oxygen and n i t r o g e n con ta in ing 
compounds with u se fu l t h e r a p e u t i c va lues s t i m u l a t e d e x t e n s i v e 
r e s e a r c h in t h i s f i e l d and t h i s r e s u l t e d in t h e p r e p a r a t i o n 
of a v a r i e t y of oxa and aza s t e r o i d s . Reac t ions of dibromo-
s t e r o i d a l d e r i v a t i v e s with secondary amines / secondary amine 
d e r i v a t i v e s , were c a r r i e d out wi th more e a s e , and t h e p roouc t s 
were i d e n t i f i e d and c h a r a c t e r i z e d by using l a t e s t s p e c t r a l 
t e c h n i q u e s . 3p-Acetoxy-5 ,6p-d ibromo-5a- -choles tane (CXLII) 
gave 3 f3-ace toxy-6-d imethy laminocho les t -5 -ene (CXLIII ) , 3p-
ace toxy-5 -b romo-6P-hydroxy-5a -cho le s t ane (CXLIV), and 3j3-ace-
toxy-5 -b romo-6 t3 - succ in imido-5a -cho les t ane CCXLV^  on t r ea tmen t 
with d imethy lamine , d i e t h a n o l a m i n e , and s u c c i n i m i a e r e s p e c t i -
v e l y . 3 p - C h l o r o - 5 , 6 ^ - d i b r o m o - 5 a - c h o l e s t a n e (CXLVI) on r e a c -
t i o n wi th succ in imide and d i e thano lamine f u r n i s h e d 3 p - c h l o r o -
5-bromo-6p-amino-5a-cho les tane (CXLVIII) and 3 p - c h l o r o - 5 -
b r o m o - 6 p - n i t r o - 5 a - c h o l e s t a n e (CXLVIII) r e s p e c t i v e l y . React ion 
of 3p~hydroxy-5 ,6p-d ib romo-5a -cho les t ane (CXLIX) with morpho-
l i n e and succ in imide af forded 3p -hyd roxy -6 -morpho l inocho le s t -
5-ene (CL) and 3 p - h y d r o x y - 6 - s u c c i n i m i d o c h o l e s t - 5 - e n e (CLI) 
r e s p e c t i v e l y . 
^8^17 
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CHAPTER-V 
Acy la t ion R e a c t i o n s with S t e r o i d a l O l e f i n s : 
Acyl d e r i v a t i v e s a re of v a s t u t i l i t y i n t h e f i e l d of 
s y n t h e t i c o rgan ic c h e m i s t r y , and a r e used as i n t e r m e d i a t e s 
i n o rgan ic s y n t h e s i s , as d rugs and m e d i c i n e s . F r i e d e l -
Cra f t s method of a c y l a t i o n i s of much importance amongst 
o t h e r methods, due t o i t s s e l e c t i v i t y . A c y l a t i o n of s t e r o i d a l 
o l e f i n s was c a r r i e d out wi th more ease by employing zinc metal 
powder as compared t o preformed anhydrous z inc c h l o r i d e as 
c a t a l y s t , though t h e n a t u r e of t h e r e a c t i o n changed. Cho le s t -
5-ene (CXXI) on t r e a t m e n t wi th a c e t i c anhydr ide and prop ion ic 
anhydr ide in p re sence of anhydrous zinc c h l o r i d e afforded 6p-
a c e t y l c h o l e s t - 4 - e n e (CXXII) and 6 ^ - p r o p a n y l c h o l e s t - 4 - e n e 
(CXXIV), which on f u r t h e r r e a c t i o n with hydroxylamine hydro-
c h l o r i d e in p r e sence of sodium a c e t a t e t r i h y d r a t e fu rn i shed 
6 i 3 - a c e t y l c h o l e s t - 4 - e n - l ' - o x i m e (CXXIIIj and 6^-propanylchoLest-
4 - e n - l ' - o x i m e (CXXV), r e s p e c t i v e l y . Reac t ion of c h o l e s t - 5 - e n e 
(CXXI) with a c e t y l c h l o r i d e and zinc metal powder gave 5,6fi-
d i a c e t y l - 5 a - c h o l e s t a n e (CXXVI). 3 |3-Hydroxy-choles t -5-ene 
(CXXVII) and 3 p - a c e t o x y c h o l e s t - 5 - e n e (CXXIXJ have undergone 
rear rangement i n p resence of a c e t y l c h l o r i d e and zinc metal 
powder to g ive 3 p - a c e t o x y c h o l e s t - 5 a - h y d r o x y - 6 p - C l ' - m e t h y l J 
propanoic a c i d - d - l a c t o n e (CXXVIII), whereas 3 j3 -ch lo rochoIes t -
5-ene (CXX) gave 3 p - c h l o r o c h o l e s t - 5 a - h y d r o x y - 6 p - ( 1 ' - m e t h y l ) 
: xiii : 
propanoic acid-d-lactone (CXXX) under same reaction condi-
tions. The structures of these compounds were established on 
the basis of analytical and spectral evidences. 
(CXXI) 
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CHAPTER-I 
PART-A 
'^C-N.M.R. STUDIES OF 
STEROIDAL OXIMES, 
LACTAMS & TETRAZOLES 
Theoretical 
13 
The usefulness of C-NMR spectra to resolve small differ-
ences in molecular environments of organic compounds is well 
1 2 
established in recent years * . Identification of almost all 
13 
non-equivalent carbons in organic compounds made C-NMR spectro-
scopy a cogent tool for organic chemists. Its application for 
determination of configuration and composition with reference to 
isomerism in ketoximes, lactams and tetrazoles is illustrated 
here. 
3 13 
G.E. Hawkes et al. carried out C-NMR studies over a wide 
range of oximes existing as a mixture of syn and anti isomers, 
13 
with particular reference to their configurations. The C-NMR 
values of these oximes were compared with their respective 
ketones, for better understanding of the results obtained. Keto-
ximes with a-quarternary carbons found to be existing as single 
isomers, in which hydroxy group was anti to quarternary carbon. 
The oximes of symmetrical ketones also showed one set of reso-
nances. Other ketoximes existing as syn and anti isomers, were 
identified on the basis of the intensity ratios of signals. The 
existence and ratios of these isomers can be explained on the 
basis of steric hinderance in the molecule with the help of 
single-frequency off-resonance decoupled spectra, suggesting the 
2 : 
dominance of anti isomer in which hydroxy group is syn to the 
least substituted a-carbon, as shown in table-I. It was observed 
that resonances of carbonyl carbon and a-carbon shifted upfield 
on oxime formation due to anti isomer as a major product as 
compared to syn isomer. 
OH 
/ 
O N 
li II 
c > c. 
a-anti a-syn 
The more negative shift was observed for the syn-p-carbon 
than anti p-carbon. The lowest field methylene signal was assi-
gned to anti a-carbon followed by syn-a-carbon. Some cyclic 
ketoximes showed somewhat peculiar behaviour on account of a-syn-
anti effects. Conformational effects are likely to be considered 
for these compounds, where syn-hydroxy group is well disposed in 
the axial position. The values for a-carbon with one substituent 
assigned as ^a-syn = -18.8 ppm (standard deviation = 0.13) 
and ^a-anti = -14,4 ppm (standard deviation = 0.17) while two 
substituents bearing a-carbon showed Aa-syn = -16.6 ppm 
(standard deviation = 0.25) and Aa-anti = -11.8 ppm (standarddev-
iation=0,10), Table-II shows conversion of ketone to oxime accom-
panied by small shifts for p-carbons in acyclic ketones. 
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Table-II 
13, 
Ketoxlmes 
C-Substituent Shifts Parameters for Conversion of Ketones to 
* 
Oximes ^C-X^ ^a-syn ^a-anti ^a-syn-
Aa-anti 
A fib 
IV 
V 
VII 
VIII 
X 
XII 
XIII 
XV 
XVII 
XVIII 
XXII 
XXIII 
XXV 
II 
XX 
XXVII 
XXIX 
XXXI 
XXXIII 
XXXV 
XXXVII 
-49.7 
-49.3 
-49.9 
-49.4 
-49.8 
-51.5 
-51.5 
-50.6 
-48.4 
-49.1 
-48.8 
-49.4 
-48.2 
-50.8 
-48.6 
-49.8 
-49.2 
-52.5 
-49.3 
-50.7 
-54.3 
-15.9 
-14.7 
-16.3 
-15.6 
-14.5 
-15.9 
-13.8 
-14.4 
-15.6 
-15.8 
-13.5 
-14.2 
-10.6 
-15.8 
-14.6 
-11.2 
-17.1 
-10.8 
-15.8 
-16.1 
-13.4 
-14.7 
- 7.5 
-10.0 
- 7.0 
-12.0 
- 7.0 
- 6.6 
- 9.6 
- 7.4 
- 8.7 
- 9.5 
- 7.1 
-10.2 
- 6.4 
- 9.0 
- 8.5 
- 8.1 
-15.2 
- 7.3 
- 9.6 
-10.0 
- 8.9 
-8.4 
-4.7 
-9.3 
-3.6 
-7.5 
-9.3 
-4.2 
-7.0 
-6.9 
-6.3 
-6.4 
-4.0 
-4.2 
-6.8 
-6.1 
-3.1 
-1.9 
-3.5 
-6.2 
-3.4 
-5.8 
+3.3 
+2.2 
+ 1.7 
+0.9 
+ 1.1 
+0.7 
+1.3 
+0.8 
+2.6 
+2.4 
+1.8, 
+1.9, 
+2.9, 
+2.1, 
+0.3, 
+3.7 
+2.4, 
-1.2, 
+3.1, 
+1.6 
+0.6 
+1.1 
+2.7 
+2.7 
+1.7 
+0,1 
+0.3 
10 
XXXIX 
XL 
XLII 
X L I I I 
XLV 
XLVI 
XLVIII 
XLIX 
LI 
L I I 
LIV 
LV 
LVII 
LIX 
- 4 9 . 9 
- 4 9 . 3 
- 5 1 . 2 
- 5 1 . 1 
- 5 1 . 0 
- 5 0 . 8 
- 5 1 . 1 
- 5 1 . 5 
- 4 6 . 7 
- 4 6 . 2 
- 4 9 . 2 
- 5 0 . 5 
- 4 9 . 6 
- 5 0 . 5 
- 1 5 . 9 
- 1 8 . 7 
- 1 5 . 8 
- 1 5 . 3 
- 1 9 . 1 
( - 1 8 . 2 ) 
- 1 6 . 1 
- 1 8 . 5 
- 1 7 . 9 
- 5 . 5 
- 8 . 3 
- 9 . 8 
- 1 0 . 8 
( - 1 1 . o ; 
- 1 0 , 2 
- 1 8 . 0 
- 8 . 3 
- 1 0 . 3 
- 9 . 4 
- 9 . 9 
- 7 . 3 
- 1 5 . 8 
- 9 . 7 
- 1 9 . 0 
( - 1 8 . 7 ) 
- 3 . 9 
- 3 . 1 
- 7 . 3 
- 7 . 5 
- 6 . 0 
- 1 0 . 9 
- 7 . 6 
- 8 . 4 
- 6 . 4 
- 5 . 4 
- 1 1 . 8 
( - 0 . 9 ) 
- 0 . 3 
- 8 . 8 
( - 9 . 0 ) 
+ 1 . 1 
( + 0 . 8 ) 
- 1 .6 
- 5 . 2 
- 2 . 5 
- 3 . 3 
- 4 . 2 
- 7 . 1 
- 0 . 7 , 
- 9 . 7 
( - 8 . 0 ; 
- 1 . 7 , 
( - 0 . 8 , 
- 0 . 8 , 
( - 1 . 7 . 
- 1 . 5 , 
- 6 . 4 , 
( - 1 . 7 , 
- 0 . 3 
( + 0 . 3 
+ 0 . 3 , 
( - 0 . 3 
- 1 . 8 , 
- 2 . 2 
+ 0 . 8 
+ 0 . 8 
( + 1.2 
+ 0 . 5 
( + 3 . 1 
- 1 . 7 
- 3 . 2 
- 0 . 8 
) ( - 1 . 4 ) 
- 1 . 4 
) i - 0 . 8 ) 
, - 3 . 2 
- 6 . 0 
, + 0 . 1 
- 1 . 2 
, + 2 . 3 
, + 3 . 0 
, + 3 . 9 , + 2 . 0 
, + 3 . 7 , +1 
, + 2 . 7 , + 1 . 4 
, - 0 , 4 
In ppm, figures in parentheses represent uncertainities in 
assignment (see table-I). These are C shifts for ketoximes, 
13 
C shifts of ketone, and negative values indicate that the 
ketoxime signal is at higher field. 
11 
T a b l e -- I I I 
Ketoxime I s o m e r D i s t r i b u t i o n s D e t e r m i n e d 
Ke tox imes 
IV ,V 
V I I , V I I I 
X I I , X I I I 
X X I I , X X I I I 
X V I I , X V I I I 
XXXIX,XL 
X L I I , X L I I I 
XLV,XLVI 
XLVIII ,XLIX 
L I , L I I 
LIV,LV 
C a r b o n s ^ 
C3 
C4 
CI 
C3 
CI 
C3 
CI 
C3 
C4 
C3 
CI 
CI 
C3(XXXIX) 
C5(XL) 
C2 
C2 
C3 
C2 
C l ( L I V ) 
C3{LV) 
from 
% of Mai o r i s o m e r ^ 
w i t h C r C a c a c ) ^ P u l s e 
7 8 \ 
7 7 / 
71 
86\ 
86J 
8 3 \ 
80J 
7 8 \ 
7 8 / 
74^ 
70J 
8 4 \ 
8 4 / 
78 
86 
82 
78 
72 
84 
- 5 0 
82 
r^bO 
7 9 \ 
79J 
85\^ 
8 4 / 
79 
85 
7 3 \ 
76 j 
68 
8 8 \ 
8 4 ; 
8 1 | 
82) 
781 
78) 
7 0 / 
8 3 \ 
82 J 
^bC 
74 
'- '5C 
7 9 \ 
8 0 / 
87 
I t h 
de 
75 
86 
82 
78 
7 1 
83 
) 
) 
80 
e ^ ^ C -
l a y 
-Speci: 
-
0 . 
1. 
0 , 
0 , 
0 . 
1. 
rs^O, 
0. 
- 0 , 
0 . 
1 . 
; ra 
f 
77 
11 
,93 
,78 
,58 
,01 
.00 
,93 
,00 
,81 
06 
a 13 
The uncertainities of the values determined from the C spectra 
are probably of the order + 5?^ . 
Presumed major isomer listed first. 
c 13 The C-signals used for peak height measurements. 
J 1 ''1 
From "C-spectra obtained with added Cr(acac)^, ®With a 12 sec 
pulse delay but without Cr(acac)o-
Free energies (K cal mol~ ) at 35°, these were determined from 
mean values. 
Table-IV 
13 * 
Methyl C-Chemical Shift Parameters for Cyclohexanone and 
Cyclohexanone Oxime 
Compound 
XXXYIII 
XXXIX 
XLI 
XLII 
XLIII 
C2 
+5.0 
+5.3 
+8.5 
+8.5 
+8.2 
C3 
+9.8 
+9.0 
+7.6 
+7.1 
+6.7 
C4 
+0.7 
-0.5 
+8.8 
+7.9 
+9.9 
C5 
+ 1.4 
-0.6 
-1.3 
-2.2 
-1.5 
C6 
+0.5 
+0.4 
-0.4 
-0.2 
+0.1 
* 
Shift differences between the methyl-substituted cyclohexanones 
(XXXVIII and XLI^ and cyclohexanone (XXXII), and the methyl-
substituted cyclohexanone oximes CXXXIX, XLII and XLIII) and 
cyclohexanone oxime (XXXIII). Negative values indicate the 
signals for the methyl-substituted compounds and are at higher 
field. 
4 13 
Terapleton et al. reported C-NMR values for different 
steroidal oximes. 3p-Acetoxy-14-hydroxy-5p,14p-pregnan-20-one 
{IX) on treatment with hydroxylamine gave the trans (anti)-oxime 
(LXI), whereas 3p-hydroxy-14-hydroxy-5p, 14p-pregnan-20-one (LXIIJ 
gave the trans oximes (.LXIIIa) as the major product alongwith a 
minor amount of cis (syn)-oxime (LXIIIb). 
(DC) Ac 
(LXIi ; H 
NH2OH.HCI 
(LXI) 
13 
^N~~OH 
R 
Ac, t r a n s 
(LXII Ia) H, t r a n s 
(LXIIIb) H, c i s 
The t r i s c l i g i t o x o s i d e - 2 0 - k e t o n e oxime (LXV) was ob ta ined 
from t r i s d i g i t o x o s i d e - 2 0 - k e t o n e (LXIV). The C-NMR va lue s 
f o r the above mentioned oxiraes a r e given in t a b l e - V . 
OH NH2OH.HCI 
(/^ AcONa RO 
N-OH 
(L>:iv) (LXV) 
: 14 
Table-V 
^ , C-Chemlcal s h i f t s fo r ke toxlmes fdCppm) Carbons ^ 
(LXIIIa) (LXIIIb) (LXV) c 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
30.50"^ 
25.07 
70.59 
30.56^^ 
36.97 
26.47 
21.07" 
40.01 
32.25 
35.13 
21.42" 
39.53 
48.96 
85.9 
33.79 
27.68 
56.79 
15.45 
23.84 
162.43 
17.51 
29.77 
27.92 
67.05 
33.44 
36.19 
26.61 
21.11"* 
40.10 
25.1 
35.41 
21.37 
39.67 
49.0 
85.88 
33.79 
27.56 
56.85 
15.49 
23.90 
162.79 
17.44 
30.41'" 
27.1 
73.73 
30.82"* 
37.13 
27.42" 
21.67° 
41.19 
36.1 
35.76 
22.00° 
40.53 
50P 
86.30 
34.08 
27.24 
57.39 
15.85 
24.13 
163.87 
16.46 
Chemical shifts are interchangeable within a column. 
Pobs cured by solvent signals. 
3-CD3^ °in CDCl^-CD^OD (1:1). 
15 
-'•^ C-NMR SPECTRAL STUDIES OF AMIDES AND LACTAMS : 
Rae reported C-NMR spectral studies for different types 
of amides and lactams. The assignments were made for these 
compounds on stereochemical grounds with reference to their ana-
logous amides and lactams. 
H^C CH_ 
3 \ / 3 
C — N 
// \ 
0 CH3 
CH-, CH^ 
^\^ .y ^ C — N 
// \ 
S CH3 
H^C, CH^ 
^ ^ v , / ^ C — N 
// \ 
Se CH3 
(LXVI) (LXVII) CLXVIII) 
(LXX) 
C — N 
// \ 
Se CH3 
(l^XI) (LXXIIj 
16 
v\ / . 
/ ^ 
/ / 
C — N 
\ 
CH-
(LXXII I ) (LXXIV) 
H3C 
CH3 CH3 
^^ 
N 1 2 
CH-
^0 
H3C 
> 
H3C 
,CH-
K CH, 
"O 
(LXXV) (DCXVI) 
A // 
(LXXVIII) 
N 
I 
H 
N 
I 
H 
(Lxxix; (LXXX) 
17 
N 
CH-
t = 0 
N 
I 
CH 
(Lxxxi; (Lxxxii; (LXXXIII) 
/Vo N' 
I 
H 
I 
(LXXXIV) (Lxxxv; (LXXXVI) 
I 
CH3 
(LXXXVII) (DCXXVIII) 
(xc; (xci; 
Assignments for different carbons of these acyclic/cyclic 
amides were made on the basis of shielding and deshielding para-
meters, and their stereochemistry concerned. a-Carbons attached 
to nitrogen were deshielded, thereby producing signals at rela-
tively low field. N-methyl, syn to the carbonyl group, appeared 
at high-field as to that of anti-methyl carbon, and this was 
found to be in accordance with the Mc. Farlane's proposal for 
the amide (LXVI). But isologous amides, such as N,N-dimethyl-
thioacetamide (LXVII) and N,N-dimethylselenoacetamide (LXVII) 
showed a reversal of this trend and hence an upfield shift was 
observed for anti N-methyl carbon. A similar pattern was followed 
by the rest of the compounds (LXVIII-LXXXIII) except from d-
lactams (LXXXIV-LXXXVII) to -e-caprolactams (LXXXVIII-XCII) 
13 
showing the C-chemical shifts for syn-carbons at downfield as 
13 
compared to other carbons. C-NMR values, for different carbons 
related to these amides, were listed in table-VI. 
Compounds 
LXVI 
LXVII 
LXVIII 
T a b l e - V I 
•^^C-Chemical s h i f t 
c a r b o n s i n (oom) 
N-Me 
( s y n ) 
3 5 . 1 1 
4 4 . 2 8 
4 8 . 2 5 
N-Me 
( a n t i ) 
3 8 . 1 1 
4 2 . 3 3 
4 2 . 6 4 
s f o r d i 
C-2 
1 7 0 . 7 4 
1 9 9 . 5 8 
2 0 1 . 9 7 
.ff e r e n t 
C2-CH3 
2 1 . 5 2 
3 2 . 7 4 
3 6 . 8 1 
19 
Compounds N-Me N-Me C-2 C-1* C - 2 ' C - 4 ' C - 5 ' 
( s y n ) ( a n t i ) 
LXIX 3 5 . 1 1 3 9 . 2 7 1 7 1 . 3 9 1 3 2 . 2 8 1 2 8 . 1 5 129 .32 1 2 6 . 8 5 
LXX 4 3 . 1 4 4 4 . 0 8 2 0 0 . 9 7 1 4 3 . 4 3 1 2 8 . 7 5 1 2 8 . 4 8 1 2 5 . 7 1 
LXXI 4 7 . 4 0 4 4 . 8 6 2 0 5 . 1 0 146 .36 1 2 8 . 2 2 1 2 8 . 5 4 1 2 4 . 8 4 
LXXII 2 6 . 7 9 1 6 8 . 7 6 1 3 4 . 6 5 1 2 8 . 4 5 131 .27 1 2 7 . 1 1 
LXXIII 3 3 . 4 9 1 9 9 . 7 4 1 4 1 . 2 9 1 2 8 . 3 4 1 3 1 . 0 1 126 .72 
LXXIV 3 6 . 7 0 2 0 4 . 5 8 1 4 4 . 0 8 1 2 8 . 3 4 1 3 1 . 0 1 1 2 6 . 7 2 
Compounds N-Me C-2 C-3 C-4 C3-Me C4-Me 
LXXV - 1 7 5 . 1 6 5 4 . 1 6 5 7 . 7 4 1 9 . 0 5 2 4 . 2 5 
LXXVI 2 2 . 7 6 1 7 3 . 8 0 5 4 . 1 6 5 7 . 7 4 1 9 . 0 5 2 4 . 2 5 
Compounds N-Me C-2 C'3 C-4 C - 1 ' C - 2 ' C-4* 
UY") 
LXXVII - 1 6 9 . 1 1 4 7 . 5 9 5 0 . 5 2 1 4 0 . 1 2 1 2 8 . 8 7 1 2 8 . 2 2 
LXXVIII 2 6 . 8 2 1 6 5 . 6 4 4 6 . 7 5 5 5 . 0 4 1 3 6 . 5 4 127 .57 1 2 7 . 0 5 
Compounds N-Me C-2 C-3 C-4 C-5 C-6 C-7 
LXX IX 
LXXX 
LXXXI 
LXXXII 
LXXXIII 
LXXXIV 
— 
-
2 9 . 4 5 
3 5 . 3 0 
3 6 . 0 1 
_ 
179 .76 
2 0 5 . 5 9 
1 7 5 . 1 6 
2 0 0 . 6 5 
2 0 2 . 0 8 
1 7 2 . 6 9 
3 0 . 4 3 
4 3 . 5 6 
3 0 . 6 9 
4 4 . 8 0 
4 9 . 0 8 
3 1 . 4 7 
2 0 . 8 1 
2 2 . 9 5 
1 7 . 6 9 
1 9 . 3 1 
1 9 . 9 9 
2 1 . 0 0 
4 2 . 5 2 
4 9 . 8 7 
4 9 . 4 8 
5 7 . 0 9 
5 8 . 0 1 
2 2 . 3 7 42.00 
20 
LXXXV 
LXXXVI 
DCXXVII 
DCXXVIII 
DCXXIX 
XC 
XCI 
XCII 
— 
32.31 
43.37 
-
-
35,76 
45.12 
49.35 
202.33 
169.60 
199.28 
179.76 
210.46 
176.01 
205.66 
208.30 
39.12 
34.45 
21.48 
36.87 
45.10 
36.93 
46.62 
50.29 
20.19 
23.27 
22.95 
23.28 
24.02 
23.41 
24.58 
23.18 
20.81 
21.56 
20.61 
29.78 
28.09 
29.91 
28.93 
28.64 
44.63 
49.93 
53.12 
30.62 
30.36 
27.70 
26.27 
25.33 
42.65 
47.08 
51.43 
55.92 
56.37 
Discussion 
5b Oximes have been synthesized with more ease for the past 
few decades. Many biological activities, such as antihista-
f\ 7ft 0 
minic , antitoxic * , cardiovascular activities etc. are asso-
ciated with different types of oximes. The vast utility and 
availability of these compounds provided a chance to carry out 
more studies including pharmacological and spectral studies, in 
order to get a better understanding of this subject matter. 
13 Here we report C-NA<R studies of some steroidal ketoximes. 
Oximes were prepared from their respective ketones by 
treatment with hydroxylamine hydrochloride. 
/ 
t 
'OH 
(XXXII) (XXXIII) 
22 
R 
( X C I I ) AcO 
(XCV) CI 
(XCVII) H 
(XCIV) 
(XCYI) 
(XCVIII) 
AcO 
CI 
H 
CgHj_7 
(XCIX) (C) 
Oxime formation from t h e i r respec t ive ketones produces a 
mixture * ^ of syn-ant i isomers l ikewise : 
23 
CgH-,_y 
(ci; 
^8^17 
Structures (CI) and (c) denote anti-isomers in which hydroxy 
group is syn to the least substituted a~carbon, whereas(cia) and 
(CII ) are syn-isomers having hydroxy group anti to the least sub-
3 13 
stituted a-carbon . The C-NMR results obtained, as shown in 
the table-V, suggested the ketoximes to be having anti-isomer 
in the major amount, due to an upfield shift of oxime carbons as 
24 
compared to cyclohexanone oxiTne(XXXIII)[steroidal oxime carbon 
(159 + 1), cyclohexanone oxime = 170 ppm]. These data are 
also supported sterically because structures (Cla) and (CII) are 
sterically hindered, that is why less stable and formed in 
minor amount. Variations in the values of non-equivalent carbons 
in these compounds as compared to other compounds following a 
general trend, is due to conformational changes in the molecule. 
13 
C-NMR values for a l l d i f f e ren t carbons of di f ferent 
oximes are shown intables-VII and VIII for the sake of comparison. 
Table-VII 
Carbons 
C-1 
C-2 
C-3 
C-4 
C-5 
C-6 
Carbons 
Chemical 
(XCIV) 
shifts 
Table-
Ketoximes 
in d(ppm) for compound (XXXIII) 
170.15 
35.64 
35.45 
34.36 
36.73 
41.80 
•VIII 
i [Chemical shifts in d(ppm)] 
(XCVI) ( XCVIII ) CC) 
C - 1 
c-2 
38.77 
27.07 
37.79 
32.74 
37.88 
22.03 
37.98 
27.07 
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C-3 
C-4 
C-5 
C-6 
C-7 
C-8 
C-9 
C-10 
C-11 
C-12 
C-13 
C-14 
C-15 
C-16 
C-17 
C-18 
C-19 
C-20 
C-21 
C-22 
C-23 
C-24 
C-25 
C-26 
C-27 
73.19 
41.99 
56.54 
158.98 
38.56 
32.01 
49,32 
54.24 
21.22 
29,59 
42.77 
55.12 
24.03 
39.93 
56.15 
12.00 
18.57 
35.65 
12.41 
36.00 
23.75 
39.43 
27.84 
22.46 
22.67 
59.36 
47.09 
56.64 
158.89 
38.65 
32.14 
50.99 
54.22 
21.33 
29.65 
42.87 
55.24 
24.72 
40.33 
56.22 
12.02 
18.65 
35.65 
12.50 
36.12 
23.84 
39.48 
27.94 
22.56 
22.75 
21.58 
36.69 
56.80 
160,32 
38.62 
32.11 
51.66 
54.72 
21.01 
29.59 
42.85 
55.16 
24.48 
40.20 
56.18 
12.01 
18.60 
35.64 
12.50 
36.10 
23.83 
39.53 
27.94 
22.47 
22.72 
41.67 
38.89 
75.39 
159.76 
35.25 
32.86 
46.56 
47.07 
21.01 
29.00 
42.82 
55.18 
24.06 
39.96 
56.22 
12.01 
18.65 
35.69 
18.05 
36.10 
23.81 
39.46 
27.93 
22.50 
22.75 
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1 3 C-NMR S t u d i e s of S t e r o i d a l Lactams : 
For - e - c a p r o l a c t a m r i n g s , a s i m i l a r t r e n d was observed 
fo r t h e ass ignment of a - c a r b o n / c a r b o n s a t t a c h e d t o n i t r o g e n 
atom d i r e c t l y , as i t always appeared downfie ld due t o d e s h i e l d -
ing e f f e c t of amide group . The s y n - € . - c a p r o l a c t a m s (GUI and CIV) 
ob ta ined from a n t i - o x i m e s (XCVIII and XCIV), showed t h e s i m i l a r 
13 p a t t e r n f o r a s s i g n i n g C-chemical s h i f t s t o d i f f e r e n t carbons 
p r e s e n t in t h e r i n g , Syn-carbon a t t a ched t o n i t r o g e n atom 
appeared downf ie ld , and was most d e s h i e l d e d . 
CsHiy 
R 
(XCVIII) H 
(XCIV) OAc 
R 
( C I I I ) H 
(CIV) OAc 
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d-Values for 6-aza-B-homo-5a-cholestan-7-one (CIII) and 
3p-acetoxy-6-aza-B-homo-5a-cholestan-7-one (CIV) were given 
in t ab le - IX. 
Table-IX 
1 "i 
€-Caprolactams C C-Chemical shifts in ppm) 
Carbons (CIII) (CIV) 
C-1 3 5 . 5 2 3 5 . 4 2 
C-2 2 3 . 5 9 2 3 . 0 7 
C-3 2 1 . 8 6 7 0 . 9 6 
C-4 3 4 . 5 3 3 4 . 6 8 
C-5 5 9 , 2 2 5 8 . 8 3 
C-7 1 7 6 . 0 6 1 7 6 . 1 2 
C~8 5 8 . 0 7 5 6 . 7 4 
C-9 2 7 . 0 7 2 7 . 1 1 
C-9a 4 0 . 5 3 4 0 . 3 2 
C-10 4 0 . 1 9 3 8 . 7 7 
C-11 2 1 . 4 2 2 1 . 2 9 
C-12 2 7 . 4 1 2 7 . 6 5 
C~13 4 2 . 3 4 4 2 . 5 3 
C-14 5 5 . 6 3 5 5 . 7 1 
C-15 2 5 . 4 4 2 5 . 6 6 
C-16 3 9 . 8 3 3 9 . 9 7 
C-17 5 6 . 3 7 5 6 . 5 5 
C-18 1 1 . 5 5 1 1 . 8 2 
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C-19 18.35 18.63 
C-20 35.79 35.76 
C-21 12.18 12.44 
C-22 36.41 36.02 
C-23 23.99 23.83 
C-24 39.23 39.52 
C-25 27.77 28.04 
C-26 22.29 22.60 
C-27 22.97 22.83 
•'•^ C-NMR Spectral Studies of Steroidal Tetrazoles : 
13 
C-NMR chemical s h i f t s have been noted for ring-A s t e r o i d a l 
t e t r a z o l e s . Various carbons in t h i s more complex molecule showed 
t h e i r s h i f t s according t o the experienced shie ld ing and desh ie ld-
ing e f f e c t s . A quarternary carbon attached to two nitrogen atoms 
by means of one double bond and one s ingle bond, experienced a 
most downfield sh i f t as compared t o the r e s t of the carbons. A 
subsequent l e s s downfield s h i f t was noted for o le f in ic carbons. 
3-Aza-A~homo-4a-methylcholest-4a-eno[3,4-dJtetrazole (CVI), 
3-aza-A~homo-4a-ethylcholest-4-eno[3,4-d]tetrazole (.CVIII), 4-aza-
A-homo--4a,4b-dimethylcholest-5-eno[4,3-dJtetrazole (CX) and 
4-aza-A-homo-4a,4b-diethylcholest--5-enoL4,3-d]tetrazole (CXIi; 
were synthesized from t h e i r r e spec t ive ketones (CV, CVII, CIX 
and CXI). 
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CQH 
(CV) 
(evil) 
(CIX) 
(CXI) 
R 
CH. 
^ 2 ^ 5 
R 
CH. 
^2^5 
8" 17 
98'^ 17 
^ N 
(CVI) 
(CVIII) 
(CX) 
R 
CH3 
^ 2 ^ 5 
R 
CH. 
(CXII ) C2H^ 
T O 
C-NMR values for d i f f e r e n t carbons of the above t e t r a -
zoles were l i s t e d in table-X. 
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Carbons 
Table-X 
Tetrazoles (Chemical shifts in ppm) 
(CVI) CCVIII) (CX) (CXII) 
C-1 42.37 42.42 41.64 40.87 
C-2 53.54 53.25 33.25 34.07 
C-3 - - 155.03 155.81 
C-4 155.18 
C-4a 154.54 153.87 65.82 74.36 
C-4a-£H3 21.94 
C-4a-CH2 - 26.31 - 30.87 
C-4a-CH2-£H3 - 14.12 - 9.08, 
8.64 
C-5 111.05 117.90 141.68 138.62 
C-6 28.59 28.69 131.24 130.33 
C-7 29.32 29.70 32.47 33.30 
C-8 32.76 33.64 32.03 32.42 
C-9 45.52 45.48 45.48 48.68 
C-10 39.17 39.07 38.66 38.71 
C-11 22.23 22.23 21.07 21.45 
C-12 28.25 28.25 28.25 28.35 
C~13 42.81 42.71 42.08 42.13 
C-14 55.96 56.01 55.91 56.01 
C-15 24.07 24.07 24.03 24.12 
C-16 39.80 39.85 39.56 39.75 
C-17 56.05 56.11 57.18 57.13 
42.42 
.  
154.79 
.  
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C-18 
C-19 
C-20 
C-21 
C-22 
C-23 
C-24 
C-25 
C-26 
C-27 
12.04 
19.32 
35.72 
18.54 
36.01 
23.78 
39.46 
27.96 
22.52 
22.76 
12.04 
19.02 
35.72 
18.64 
36.01 
23.83 
39.46 
28.01 
22.57 
22.81 
11.89 
18.88 
35.72 
18.59 
36.11 
23.78 
39.46 
27.96 
22.52 
22.76 
11.94 
19.12 
35.77 
18.69 
36.16 
23.83 
39.51 
28.01 
22.57 
22.81 
CHAPTER-I 
PART-B 
C D . SPECTRAL STUDIES 
OF STEROIDAL LACTAMS 
Theoretical 
The phenomenon of optical rotatory dispersion (ORD) was 
developed by Biot in 1817. Optical rotatory dispersion coro-
parises of two effects simultaneously viz. 'circular dichroism' 
and 'Cotton effect*. A beam of plane polarized light is com-
posed of left and right circularly polarized components, which 
are absorbed unequally (circular dichroism) and transmitted 
through medium with unequal volecities (cotton effect) by a 
sample, possessing necessarily a chromophore and asymmetric 
centre is known to show the phenomenon of ORD. ORD helps in 
determining the conformational, structural and stereochemical 
aspects related to an optically active compound, especially 
complex molecules like steroids , proteins and polypeptides 
The best results and bathochromic shifts were obtained by using 
13 14 
a non polar solvent . Size of the ring also matters to some 
extent as 3--methylcyclopentanone shows a five times more posi-
tive Cotton effect as compared to S-methylcyclohexanone, also 
with +ve Cotton effect. Whereas, from 3~methyl cychoheptanone 
to its C15-homologues showed negative Cotton effect. Higher 
15 positive rotations were exhibited by substituted amides as 
for dimethyl amide (CXIII). 
33 
CH-
0 
1 ^ H 3 
H—C—OCH, 
(CXIII) 
0 
Polypeptide, consists of mainly amide (-C-NH-) group, 
exhibiting positive or negative optical rotatory dispersion 
plain curves in their random conformations. Optical rotatory 
dispersion showed positive and negative plain curves for 
poly-y-benzyl-L-histidine (CXIV) and poly-y-benzyl-L-glutamate 
(CXV) respectively in dichloroacetic acid, a strongly hydrogen 
bonding solvent. 
[a ] 
120 
80 
40 
-40 
-80 
• no 
CXIV 
• b ^ ' 
—tr"* 
CXV 
340 360 4Z0 4 6 0 Soo 5 4 o 589 620 
> , m^ 
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17 Poly-a,L-glutamic acid (CXVI) in dioxane : water (2:1)and 
poly-Y-benzyl-L-glutamate (CXIV) in chloroform,in weakly hydro-
gen bond breaking solvents or h e l i c a l so lven t s , showed 'anoma-
lous* p o s i t i v e op t i ca l r o t a t o r y dispers ion curves . 
+ 20 
La] 
340 42C 500 sec G60 
"X, m|i 
18 Downie et al. reported optical rotatory dispersion 
phenomenon shown by Levo and dextro isomers of Leucine (CXVII) 
in benzene and in trifluoroacetic acid (a strongly hydrogen 
bond breaking solvent). Negative contribution of L-asymraetric 
group was considerably diminished due to increasing D-isomer 
in the solution» suggesting the polypeptide chain in random 
35 
conformation. If L/(D+L) ratio is less than 0,7, then helices 
are not of one sense. 
COOH 
I 
H„N-C-H 
I 
CH 
I ^  
CH-CH. 
I 
CH, 
COOH 
I 
H„N-C-H 
^ I 
I ^  
CH-CH, 
I 
CH^ 
L-Leucine D-Leucine 
0.5 0.6 0-7 0.8 0.9 -l-O 
L/(D+L) 
Optical rotation of copolymers of 
L- and D-Leucine in (a) benzene 
(b) trifluoroacetic acid. 
Plain dispersion curves with highly increased optical 
rotations were observed for hydratropic acid-anilide (CXX) 
in the series of hydratropic acid (CXVIIl), its amide (CXIX) 
and anilide (CXX)-"-^  in MeOH. 
CH3 0 
I // 
H-C-C 
\ 
OH 
^3^ 0 
H-c-C 
// 
(CXVIII) (CXIX) (CXX) 
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I 
o 
C 
o 
• H 
-t-> 
fO 
-P 
o 
66 
62 
58 
54 
50 
28 
24 
20 
(H 
to 
r H 
3 
o 
a; 
. H 
O 
S 
16 
12 
g 
4 
0 
L 
3 0 0 4-00 50O ©00 Too 
"X, m}i 
20 Feinleib et al. made an observation of the ORD behaviour 
of rigid, bicyclic, and optically active spirobihydantoin (CXXI) 
molecule, having no asymmetric carbon atom. Chromophoric groups 
of spirobihydantoin (CXXI) resembled with those of polypeptides 
and nucleotide bases. Compound (CXXI) exhibited five bands due 
to (+) and (-) enantiomers, showing equal and opposite rotations 
and CD. bands. Among these bands 1 and 2 are relatively weak, 
oppositely signed, and of n-7i transition in origin due to red-
shift bands 3,4,5 showed little solvent shift and assigned to 
u-ix transitions. Bands 4 and 5 resembled those in spectra of 
right-handed a-helical polypeptides. 
37 
(CXXI) 
e 
o 
o 
e 
" \ 
• 4 
190 200 »I0 JM 230 240 350 1*0 270 
X, mn 
CD and absorption spectra of (-)-
spirobihydantoin in water 
H. Wolf concluded that Cotton effect curves of d-lactams 
show the same sign as their corresponding similarily constituted 
o-lactones. Optical rotatory dispession studies of lactams 
(CXXII and CXXIII) resulted in positive Cotton effect curves in 
MeOH. 
N - ^ 
X x ^ 
(CXXIII) 
8 
6 
4 
2 
-2 
-4 
.6 
-8 
-10 
20 
30-
\ CXXII and CXXIII 
\ (ZD) 
/\\ CXXII 
\ \ORD 
CXXIII 
ORD 
\CXXII 
/ \(uv) 
200 250 300 350 S'^ O 
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Goodman et al.^^ studied ORD and CD behaviour of lactams 
related to conformational and solvent effects. ORD curves of 
a-aminocaprolactam (CXXIV) showed negative Cotton effect in water 
and trimethylphosphate solvents with a troughat 220 m^ i, whereas 
in dioxane, a positive Cotton effect at longer wavelength 
resulted. 
N-H 
I 
o 
200 210 220 230 240 250 2«0 2Ta 38° 
\ my. 
ORD spectra of L-a-aminocaprolactam 
in water (•—), trimethylphosphate( — ) 
and dioxane ( - . - . - ) 
CD curves obtained for a-aminocaprolactam displayed posi-
t ive cotton effect in dioxane, ace toni t r i le and water with a 
blue shift due to n-n* t rans i t ion, and negative Cotton effect 
attr ibuted to n-u with a red sh i f t . 
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n 
1 
o 
-H 
X 
1 \ 
CD 
'—' 
0 
- 2 
- + 
- 6 
-8 
-10 
-n 
-14 
-16 
-16 
CD spectra of L-a-aminocaprolactam in dioxane (—), 
a c e t o n i t r i l e ( ) , water ( - . - ) (260-220 m|i), in 
water (—), t r imethy l phosphate ( - . - ) , a c e t o n i t r i l e 
( ) (220-185 m|i) 
L-Pyrrol id-2-one-5-carboxyl ic acid [L-Pyroglutamic acid] 
(CXXV) exhibi ted two bands for carboxylic group acting as auxo-
chrome in the ORD curves. Carboxylic group, having an auxochro-
mic effect on the amide chromophore, showed one band at 217 mp. 
( ^"^ 3.26) in unionized form, and another band at 210 m|Ji ( ^ ^ 
2 .22; in ionized form a t t r i b u t e d to blue s h i f t of n-n t r a n s i t i o n . 
CD curves of L-pyroglutamic acid in water showed pos i t ive Cotton 
e f fec t s , at 210 m\i in the f a r u l t r a v i o l e t region assigned to 
n-n t r a n s i t i o n , and a negat ive Cotton effect at 191 mti to n-% 
t r a n s i t i o n . 
COOH 
190 200 220 220 230 24« 
X, mn 
CD spectra of L-pyroglutamic 
acid in 7C^ perchloric acid 
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CO 
I 
O 
•-{ 
X 
r——> 
CD 
180 190 SOO 210 MO 430 240 
CD spectra of L-pyroglutamic 
acid in water ( ) at pH 2 
(—) and pH 9 (-.-) in aq, soln. 
The magni tude of t h e Cot ton e f f e c t fo r 1 , 7 , 7 - t r i m e t h y l - 3 -
a z a b i c y c l o L 2 . 2 , l j hep t an -2 -one (CXXVI) and 1 . 7 , 7 - t r i m e t h y l - 2 -
a z a b i c y c l o [ 2 , 2 , 1 ] hep tan -3 -one (CXXVII) l i e s in t h e range of 
h e l i c a l po ly -a -amino a c i d s . A red s h i f t was observed a t h ighe r 
wave l e n g t h extremum due t o n-n* t r a n s i t i o n and a l a r g e r low 
wave l eng th Cot ton e f f e c t due t o n - / t r a n s i t i o n , of t h e amide 
chromophore in t h e ORD s p e c t r a . A n-a* t r a n s i t i o n suggested 
between n-n* and n-n* t r a n s i t i o n s , a t 200 mp ,nega t ive band. 
H-N 
(CXXVI) (CXXVII) 
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I 
o 
X 
'm 1»5 ^5 JJ5 MS 235 2A5 250 
A, m|i 
ORD s p e c t r a of camphorolactam 
(CXXVI) in F3CCH20H(-.-),EtOH 
( ) , C^H^^(-) . 
I 
o 
X 
185 195 205 115 2J5 235 245 
CD spectra of lactam (CXXVI) 
in C^H^^(-), CH3CN( ), 
H20(-.-) 
00 
I 
o 
MS no 200 240 250 
ORD s p e c t r a of camphoro-
lac tam (CXXVII) in F^CCH OH 
CO 
I 
O 
X 
( — ) , EtOH(-
"^C^H^4( — ) 200 210 220 230 
"X, m i^ 
250 
CD spectra of lactam (CXXVIIj 
in C^H^^-c 8.03 mg/ml (—), 
c 1.61 mg/ml ( ), c 0.24 
mg/ml (-.-}, c 0.029 mg/ml 
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Application of lactam rule and quadrant rule in case of 
23 
seven membered ring lactams was shown to establish configu-
rations and Cotton effects. Two models (A and B^  were proposed 
for this purpose. 
*X*T\ 
—-^ 0—f 
2 
(A) 
N 
3 2 1 
/ 
N—0 
(B; 
Rl^  
-NH 
(-ve) 
HN-
A2 
C+ve) 
1 3 
When substituent R and/or R above the plane in model (Bj, 
2 
a positive Cotton effect is observable. If substituent R and/ 
or R above the plane in model (A), a negative Cotton effect is 
shown by lactam. Quadrant rule is applied for the amide chromo-
phore when rotation is dominated by the nearest substituent to 
carbonyi oxygen. Positive Cotton effect is due to positive 
quadrant substituent (R ) whereas negative Cotton effect by 
3 
negative quadrant substituent R^ ) , Data are summarized in 
table-XI. 
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Lactam 
CXXVIII 
CXXIX 
CXXX 
CXXXI 
CXXXII 
CXXXIII 
CXXXIV 
cxxxv 
CXXXVI 
cxxxvII 
cxxxvIII 
CXXX IX 
CXL 
ex LI 
CXLII 
R1 
H 
H 
H 
H 
H 
H 
CH3 
CH3 
CH3 
CH3 
CH3 
CH2=CH 
CH2CH2 
C6"5 
CH2=CH 
Table-XI 
R2 
CH3 
CH3 
CH3 
CH2=CH 
6 0 
CH2CH2 
^6^5 
CH2=CH 
H 
H 
H 
H 
H 
CH3 
CH3 
R3 
H 
CH3 
H 
H 
H 
H 
H 
H 
H 
CH3 
CH3 
H 
CH2 
H 
H 
R^ 
H 
CH3 
CH3 
H 
H 
CH2 
H 
H 
H 
CH3 
H 
H 
H 
H 
H 
[e], deg 
-7,590 
-11,880 
-4,620 
-21,120 
-36,960 
- 726 
-26,730 
-7,590 
+6,930 
+11,880 
+3,960 
+22,110 
+2,145 
+27,390 
+6, 930 
Investigations for (-) menthone lactam [4-methyl-7-iso-
propyl-l-azabicycloheptan-2-one] (CXLIII) and N-methyl men-
thone lactam (CXLIV) were carried out on the basis of lactam 
rule and quadrant rule to establish conformations and cotton 
4 4 
e f f e c t s . Lactam r u l e p r e d i c t s n e g a t i v e C o t t o n e f f e c t f o r (C) 
and p o s i t i v e C o t t o n e f f e c t f o r c o n f o r m e r ( D ) . 
(CXLI I I ) 
(C) 
H 3 C -
(CXLIV) {£) 
H3C CH 
(D) 
CHT 
(FJ 
(-) Menthone lactam at lower temperatures (-80, -140°) in 
(MeOH-EtOH) showed negative Cotton effect with a red shift of 
10 nm, attributed to conformer (C). At higher temperatures, a 
positive Cotton effect accompanied by a longer wavelength band 
due to diaxial conformer (D), was observed. Compound (CXLIV) 
showed positive Cotton effect at higher wavelength and negative 
Cotton effect at shorter wavelength region. At higher tempera-
ture, short wavelength due to conformer (E) disappeared. Data 
for lactam (CXLIV) suggested the dominance of conformer (F). 
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O 
X 
I—» 
- 2 
- 6 
-8 
•ID 
.y 
' Cyclohexane 
Methanol 
(a) 
200 220 240 260 200 220 240 260 200 220 240 260 
CD curves of (-)-menthone lactam (CXLIII) (a^ at +28° U ) at 
lower temperature in EtOH-MeOH (4:1) (c) at higher temperature 
in decalin. 
CO 
I 
o 
X 
8 
6 
4 
2 
0 
-2 
-4 
-6^ 
-8 
J.. i-> 
Cyclohe-
xane, (—) 
Dioxane 
(-.-)MeOH 
(a ) 
200 220 240 260 
+ 28°( —) 
+ 104° t—) 
D e c a l i n 
( b ) 
200 220 240 260 
( — ; +25° 
(—) -80° 
\ ( - . - ) -130° 
Et0H:Me0H 
( 4 : 1 ) 
200 220 240 260 
CD curves of N-methylmenthone lactam (CXLIV) (a) at 28° 
(b) at higher temperatures (c) at lower temperatures. 
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24 H. Ogura et al. reported circular dichroism (CD) studies 
of L-prolyl-L-valine anhydride (CXLV) and 2,5-diketopiperazines 
(CXLVI-CLI). Compound (CXLV) exhibited positive Cotton effect 
at 220-234 nm, of n-n transition due to blue shift in more 
polar solvents. CD data are listed in table-XII for 2,5-diketo-
piperazines. 
(CXLV) I 
O 
X 
18 o 
217.5(+9.46) 
;227.5 (+7.54) 
233(+6.25) 
CD curves of (CXLV) in (-
MeOH, (-.-) 5% HCl, ( ) 
Dioxane 
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25 H. Ogura e t a l . r e p o r t e d C D . and ORD d a t a fo r s an ton in 
lactams and s t e r o i d a l l a c t a m s . Ef fec t of l a c t o n e r i n g was found 
t o be p o s i t i v e [ ( 0 ) +2500 a t 225-240 nm] on t h e conformation of 
seven membered lactam r i n g . 
(CLII) (CLI I I ) 
(CLIV) (CLV) 
Me-
(CLVI) 
Me-N 
(CLVII) 
: 49 : 
OAc 
( c L v i i i ; 
(CLX) 
^8^17 
(CLXII) 
OAc 
(CLIX) 
(CLXI) 
CgH^y 
(CLXIII) 
C o n t r i b u t i o n of the l a c t o n e chromophore was found to be 
p o s i t i v e fo r A - a z a - A - h o m o - t e t r a h y d r o - a - s a n t o n i n s (CLII-CLVII)• 
For compounds (CLIII and CLV) and t h e i r N-methyl d e r i v a t i v e s 
(CLVI and CLVIl) , n e g a t i v e Cot ton e f f e c t s suggested the c o n t r i -
bu t ion of t h e lac tam r i n g t o be n e g a t i v e , as t h e e f f e c t of 
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lactam r ing dominating over the lactone chromophore. 17p-Acetoxy-
4-aza-A-homo-5p-androstan-3-one (CLVIII) and 17p-hydroxy-3-aza-A-
homo-5a-androstan-4-one (CLXI) showed negative Cotton e f fec t s , 
and 17p-acetoxy-3~a2a-A-homo-5p-androstan-4-one (CLIX) and 17p-
hydroxy-4-aza-A-homo-5a-androstan-3-one (CLX) showed pos i t i ve 
Cotton e f f e c t s . CD revealed the unusual negat ive Cotton effect 
of compound (CLV) a t 234 nm ([0]-72O) alongwith expected pos i t i ve 
Cotton ef fec t at 216 nm ([e]+27CX)). This negat ive peak did not 
appeared in the spectra of compounds (CLII, CLVI and CLVII) and 
also at lower temperatures (-80 to -150 C). According to lactam 
ru le t h i s peak i s assigned t o conformer (A) whereas pos i t i ve 
cotton effect i s a t t r i b u t e d to conformer ( B ) , s t ab le at lower 
temperatures . 
t l 
A(d-) 
B(d+) 
16 
12 
8 
4 
n 
1 
o 
X 
^ 
'—' 
- 4 
- 8 
-12 
-16 
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> /nm 
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CD and ORD d a t a of € - c a p r o l a c t a m s in MeOH 
-, , Observed P r e d i c t e d s iqn of Cot ton Compound e f f e c t 
[e ]x lO~^ nm [eJxlO""^ nm Octant Amide Lactam 
r u l e r u l e r u l e 
CLII 
CLIII 
CLIV 
CLV 
CLVI 
CLV II 
CLVIII 
CLIX 
CLX 
CLXI 
CDCII 
CLXIII 
+ 11.8 
-14.8 
-9.7 
+2.7 
-4.1 
-5.8 
-12.8 
+ 16.7 
+7.0 
-7.5 
+7.4 
-0.6 
-10.2 
211 
210 
218 
216 
215 
218 
218 
205 
211 
211 
210 
211 
214 
+5.2 
-3.9 
-4.2 
-6.0 
+ 18.0 
+7.7 
-4.6 
+4.7 
-4.3 
230 
220 
230 
230 
209 
226 
228 
223 
227 
+ 
+ 
-
+ 
+ 
-
+ 
-
-
+ 
-
+ 
+ 
+ 
+ 
+ 
+ 
Klyne et al. carried out chiroptical studies for so many 
steroidal -^.-caprolactams. 4""Caprolactam exists in one of two 
enantiomeric quasi-chair conformations (A and B) as represented 
by Dreiding models, with the C-NH-CO-C system approximately 
coplanar. 
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Substitution, or fusion of one or more alicyclic rings with 
the lactam ring, normally impose a preference for one of the two 
enantiomeric forms. For bicyclic systems, four trans-fused and 
eight cis-fused structures are possible. Associated effects 
with these bicyclic lactams were studied to account for their 
CD behaviour. 
HN^—0 
7 t 3 7 t 5 
7 c 4ax 
HNK 0 
7 c 3ax 
HW:^_0 
7 c 4eq 7 c Sax 
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7 c 5ea 7 c 6ax 
H(dLo 
U 
7 c 6eq 
Notations used : 7 =$• for -€,-caprolactam r ing , t =^  t r ans 
c =^  c i s , ax ^ ax i a l , eq =P equa to r i a l , suffix numbers 
(3 ,4 ,5 ,6 ) denote point of fusion of two r i n g s . 
Contr ibut ion of various parameters, a f fec t ing CD curves 
of -C-caprolactams are as follows : 
Class 7 t 3 
( .^ -e = -5) 
Cyclohexane ring contributed negatively with a 
value of -8 units. Lactam ring provides +3 
units. Larger lOp-Me(-ve) contribution is 
A€ - 11.1. 
7 t 4 - ( A£ = +3) - Lactam ring contribution 4.5 units. 
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Anomalous bisignate curve of (CLXVIl) with negative Cotton 
effect (-0.04 to 236 nm) and strong positive Cotton effect (+2.2 
at 206 nm). 
7 t 5 - ( A -6 , +3) - no significant effect of second ring. 
lOp-Me contribution (A6 -1 to -1.5) 
7 t 6 - (A -^  , +5) - Small positive contribution of second 
ring (A4 +2). Lactam ring contribu-
tion +3 units. 
Class 7 c 3ax - (A-6 , -3) - Negative contribution of second ring 
~ -6 units. 
7 c 3ea - ( A4 , +0.5) - Negative ef fec t of second r ing - ^ - 2 . 5 . 
7 c 4ax - ( A 4 , +3) - No cont r ibu t ion of second r i ng . 
7 c 4ea - ( A-t , - l ) - Second r ing con t r ibu t ion ^ - 4 u n i t s . 
7 c Sax - ( A ^ , +3) - Second r ing had no effect on CD. 
7 c 5ea - ( A 4 > -0 .5) - Second r ing contr ibuted -3 .5 u n i t s . 
7 c 6^x - ( A£ f - l ) - Second ring effect i s , by -4 u n i t s . 
7 c 6ea - ( A-6 , +8) - Equator ia l lO^-Me provides +5 u n i t s . 
No ind ica t ion of primary zig-zag con t r ibu t ion , was noted. 
The main d i f fe rence between lactams and ketone i s the highly 
delocal ized charac ter of the ketone n-orbi tal .CD data for s t e r o -
ida l / a - s an ton in •6-caprolactams were given in table-XIV. 
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Lactam (or lactone) ring and adjoining rings, 
with bonds relevant to the 'primary zig-zag' 
hypothesis thickened. 
(CLXIV) CCLXV; and (CLXXXj (CLXVI) and (CLXXXI) 
HN 
0 H 
0 w 
(CLXVII) and (CLXVIII) 
(CLXIX) and (CLXX) 
(CLXXI) and (CLXXXIII) 
(CLXXXIV) and (CLXXXV) 
H 
(CLXXIII) 
R3 -^,4 
(CLXXIV) and (CLX) 
(CLXII) and (CLXXV) 
(CLXXVI) and (CLXXXVI) 
(CLXXXVIII) 
(CLXXVIII) and (CXCI) (CLXXIX) and (CXC) 
: 57 : 
(CLXXXII) (CLXXXIX) 
0 = 
(CLI I I ) (CLXXVII) and (CLXXXVIII) 
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Table-XIV 
CD Dat^ fo r lac tams wi th seven membered r i n g ( i n MeOH) 
No. Compounds A4 X max X max 
CDC IV 
CLXV 
CDCVI 
CDCVII 
CLXVIII 
CLXIX 
CLXX 
CLXXI 
CLIII 
Monocyclic 
[4R,7S]-4-Methyl-7-iso- (E) +3.4(209) 
propyl-l-azacycloheptan-
2-one[(-)Menthone lactam] 
Class 7 t 3 
2-Aza-A-homo-5a-choles~ 
tane-1-one 
4-Aza-A-homo-5a-choles-
tane-4a-one 
Class 7 t 4 
17p-Acetoxy-3-aza-A-homo (E) 
5a-oestran-4-one 
3-Aza-A-homo-5a-choles-
tan-4-one 
17p-Hydroxy-3-aza-A- (E) 
homo-5a-androstan-4-one 
4a,4a-Dimethyl-3-aza-A- (E) 
homo-5a-cholestan-4-one 
2a,4a,4a-Trimethyl-3- (E) 
aza-A-homo-5a-cholestan-
4-one 
3-Aza-4-oxo-A-homo- (E) 
derivative from tetra-
hydro-a-santonin 
-11.1(230) +35.3(200) 
-5(218) 
-0.04(236) 
+2.2 (206) 
+3.1 (214) 
+2.3 (211) 
+2.3 (222) -5 (199) 
-3.8 (230) +14 (202) 
+4.5 (210) 
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CLXXII 
CLXXIII 
CDCXIV 
CLX 
CLXII 
CD(XV 
CLXXVI 
CLXXVII 
CLXXVIII 
CLXXIX 
CLXXX 
3-Aza-A-homo-ba-
cholestan-2-one 
(E) +1.5 (211) 
Class 7 t 5 
2-Aza-A-homo-5a-
cholestan-3-one 
17p-Acetoxy-4-aza-A-
homo-5a-oestran-3-one 
17p-Acetoxy-4-aza-A-
homo-5a-androstan-3-one 
4-Aza-A-homo-5a-choles-
tan-3-one 
4a,4a-Dimethyl-4-aza-A-
homo-5a-cholestan-3-one 
2a,4a,4a-Trimethyl-4-aza-
A-homo-5a-cholestan-3-one 
4-Aza-3-oxo-A-homo-
derivative from tetrahydro-
a-santonin 
(E) +1.5 (213) 
+3.2 (213) -3.3 (195) 
+2.1 (211) 
+2.2 (210) 
+0.9 (215) 
+1.5 (220) 
+3.6 (211) 
Class 7 t 6 
l-Aza-A-homo-5a-
cholestan-2-one 
4a-Aza-A-homo-5a-
cholestan-4-one 
Class 7 c 3ax 
2-Aza-A-homo-5p-
cholestan-1-one 
•1.2 (198) 
(E) +4.5 (222) -6.8 (197) 
(E) +5.5 (214) 
(E) -2.9 (230) +10.1 (204) 
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CLXXXI 
CDCXXII 
CLXXXIII 
CLXXXIV 
CLXXXV 
CLXXXVI 
CLXXXVII 
CLXXXVIII 
Class 7 c 3eQ 
4-Aza-A-homo-5p-
cholestan-4a-one 
Class 7 c 4ax 
3-Aza-A-homo-5a,10a-
androstan-4-one 
Class 7 c 4eq 
l6p-Acetoxy-3-aza-A--
homo-5P-androstan-4--one 
17p-Acetoxy-3-aza-A-
homo-5^-androstan-4-one 
Methyl-12a-acetoxy-4-
oxo-3-aza-A-homo--5p-cholan-
24-oate 
(E) +0.5 (217) +7.3 (198) 
Class 7 c 5ax 
l6p-Acetoxy-4-aza-A-
hoino-5p-androstan-3-one 
Methyl-12a-ac etoxy-3-
oxo-4-aza-A-homo-5p-
cholan-24-oate 
4-Aza-3-oxo-A-homo-
derivative from tetra-
hydro-a-sant onin 
+3 (215) 
-0.7 (225) +4.5 (202) 
-1.2 (225) +5.1 (205) 
-3.4 (219) +4.3 (201) 
(E) +3.9 (218) 
+1.6 (219) 
(E) +3.3 (222) 
(E) +2.9 (218) 
-2.6 (200) 
-7.6 (198) 
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CDCXXIX 
CXC 
CXCI 
C l a s s 7 c 6ax 
4 - A z a - A - h o m o - 5 a , l O a -
a n d r o s t a n - 3 - o n e 
C l a s s 7 c 6ax 
4 a - A z a - A - h o m o - 5 p -
c h o l e s t a n - 4 - o n e 
C l a s s 7 c 6eq 
l - A z a - A - h o i n o - 5 p -
c h o l e s t a n ~ 2 - o n e 
(E) - 0 . 9 ( 2 2 4 ) + 2 . 9 (200) 
- 1 . 2 (216) + 6 . 1 (193) 
+ 8 . 0 (225 ) + 1 9 . 1 (200) 
Discussion 
Optical rotatory dispersion studies proved to be of great 
help for the assessment of configuration, conformation, stereo-
chemistry and structure of the chiral, chromophore containing 
compounds. Our circular dichroism studies are mainly concerned 
with steroidal derivatives containing amide chromophore in ring 
« Rt B*. As a matter of fact cyclic amides are known to show many 
27-29 ' 
biological activities of much importance. 0=C-NH- Group 
responsible for manifold biological activities in cyclic as well 
as acyclic systems are a-amino-^-lactam ring in penicillins, 
amide chromophore in proteins, polypeptides and proteins etc. 
Some of the cyclic lactams exhibited anomalous C D . curves. 
Especially €^-caprolactams of steroids showing varying optical 
phenomena, are difficult to generalize. Extensive studies 
carried out and certain rules were established, for interpre-
30 tation of these anomalies to an extent, including Octant rule , 
25 31 32 
Amide rule , Quadrant rule , Lactam rule and Drieding 
models . Lactams (CIII, CXCIII, CIV and CXIV) were prepared 
from their respective oximes (XCVIII, CXCII, XCIV and XCVI). 
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^8^17 
(XCVIII) 
(CXCII) 
(XCIV) 
(XCVI) 
R 
H 
OH 
OAc 
CI 
( G U I ) 
(CXCIII ) 
(CIVj 
(CXCIV) 
R 
H 
OH 
OAc 
CI 
A seven-membered lactam or -^-capro lac tarn ring is known to 
occur in a quasi-chair conformation, with the C-NH-CO-C system 
23 25 32 33 is approximately coplanar t<- * ^*^ ^ Dreiding models were 
drawn for the lactam enantiomers (X and Y) showing positive and 
negative Cotton effects, respectively. 
(x; 
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3p-Substituted-6-aza-B-homo-5a-cholestan-7-ones (CIII, 
CXCIII, CIV and CXCIV) showed positive Cotton effects in C D . 
curves obtained. So, the possible enantiomer structure in 
light of Drieding models may be shown for these lactams, accor-
dingly, 4 -caprolactam ring in conformation (X) for enantiomer 
(Z) would exhibit positive Cotton effect. 
^A. 
u 
(z) 
Lactam rule in view of octant rule provides the clue for 
the posit ive rotations of 3p-substituted-€^caprolactams accord-
ing to model (P) : 
-N 0 
(P) (P) 
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A positive Cotton effect will be observed when the substi-
1 o 
tuent R and/or R is above the plane of the octant, correspond-
ing to model (P). 
(P) 
Quadrant r u l e p red ic t s the pos i t ive Cotton effect due to 
a pos i t i ve quadrant subs t i t uen t CR ) neares t to carbonyl group. 
C D . s tud ies of lactams (CI I I , CXCIII, CIV and CXCIV) were 
given in table-XV. 
Table-XV 
Compounds 3p-Subst i tuent X(nm) -3 [G]xlO~^ deg 
CIII 
CXCIII 
CIV 
CXCIV 
H 
OH 
OAc 
CI 
205 
205 
200 
197 
17660 
14230 
17250 
10860 
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The lowest energy CD maximum i s o c c u r r i n g a t 215 + 5 in metha-
n o l i c s o l u t i o n f o r most of t h e -^ -capro lac ta rns , 
CD s p e c t r a were observed in methanol , a good p o l a r so lven t 
t o r lac tams ( C I I I , CXCIII, CIV and CXCIV). The p o s i t i v e Cot ton 
e f f e c t s observed a t around 205-197 nm can be a t t r i b u t e d t o 
* 24 
n-n t r a n s i t i o n , because t h e bands a r e b l u e s h i f t e d in more 
p o l a r s o l v e n t s . 3 ^ - S u b s t i t u e n t s seemed t o have an e f f e c t on CD 
curves of t h e s e l ac t ams , r e l a t e d t o t h e v a r i a t i o n s in ^ and 
[e ] v a l u e s , from 6-a2a-B-homo-5a-cho les tan -7 -one ( C I I I ) t o 
3p-ch lo ro -6 -aza -B-homo--5a -cho les tan -7 -one (CXCIV). 
CaH 8" 17 
( C I I I ) 
— (CIV) 
(CXCIII) 
(CXCIV) 
"X^  (nm) 
Experimental 
All melting points are uncorrected. UV spectra were taken 
in CDClo with a UV-visible 240 spectrophotometer. CD curves 
were measured with a JASCO J-20 spectropolarimeter. IR spectra 
were determined, in Nujol in NaCl (Neat) with a Perkin-Elmer-237 
and JASCO A-100 spectrophotometers. H-NMR spectra were run in 
CDCl^ on a Varian A-60 and Varian VXR-300 spectrometers with 
13 tetramethylsilane as the internal standard, C-NMR spectra 
were run in CDCl^ on a CFT-20 and Varian VXR-300 spectrometers 
with tetramethylsilane as the internal standard. Mass spectra 
were measured on a Varian - A JMS D-lOO and JEOL JMS-DX 300 mass 
spectrometers. TLC plates were coated with silica gel. A 20^ 
aqueous solution of perchloric acid was used as spraying agent. 
Light petroleum refers to a fraction of b.p. 60-80 . NMR values 
were given in ppm (s = singlet, d = doublet, dd = double doublet, 
t = triplet, spt = septet, br = broad, mc = multiplet centred 
at). 
36-Acetoxvcholest-5-ene (CXCV) : 
A mixture of cho l e s t e ro l (50 g, 51.8 m mol), pyridine 
(75 ml, f r e sh ly d i s t i l l e d over KOH) and f resh ly d i s t i l l e d acet ic 
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anhydride (50 ml) was heated on a steam bath for 2 hrs. The 
resulting brown solution was poured onto crushed ice-water 
mixture with stirring, A light brown solid was obtained, which 
was filtered under suction, washed with water until free from 
pyridine and air-dried. The crude product on recrystallization 
from acetone gave the pure acetate (45.0 g), m.p. 115-116 
(reported , m.p. 116 ). 
3B-Acetoxv-6-nitrocholest-5-ene (CXCVI) : 
3p-Acetoxycholest-5-ene (5.0 g, 11.682 m mol) was covered 
with nitric acid (125 ml, sp. gr. 1.52). Sodium nitrite (5.0 g) 
was gradually added over a period of 1 hr with continuous 
stirring. Slight cooling was also required during the course 
of the reaction, and the stirring was continued for additional 
2 hrs. A yellow spongy mass separated on the surface of the 
mixture, it was diluted with cold water (100 ml) then a green 
coloured solution was obtained. The whole mass was extracted 
with ether. The ethereal layer was washed with water, sodium 
bicarbonate solution ib%) (until washing become pink) and water 
and dried over sodium sulphate anhydrous. Removal of the sol-
vent provided the nitrocompound as an oil which was crystallized 
from methanol (with traces of acetone) (3.5 g, 7,9 m mol), m.p. 
104° (reported^^, m.p. 102-104°). 
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3B-Acetoxv-5a-cholestaP-6--one (XCIII) : 
3p-Acetoxy-6-nitrocholest-5-ene (3.0 g, 6.772 m mol) was 
dissolved in glacial acetic acid (125 ml) by warming the mixture. 
and zinc dust (6.0 g) was added in small portions with shaking. 
The suspension was heated under reflux for 4 hrs and water 
(6 ml) was added now and then during the course of the reaction. 
The hot solution was filtered, cooled to room temperature and 
diluted with large excess of ice-cooled water. The precipitate 
thus obtained was taken in ether and the ethereal solution was 
washed with sodium bicarbonate solution (10?^ ) and water and 
then dried over anhydrous sodium sulphate. Evaporation of the 
solvent gave the acetoxyketone as an oil which was crystallized 
from methanol (2.1 g, 4.73 m mol), m.p. 128-129° (reported ^, 
m.p. 127-128°). 
3B-Acetoxy-5a-cholestan-6-one oxime (XCIV) : 
To a solution of 3p-acetoxy-5a-cholestan-6-one (1.5 g, 
3.378 m mol) in ethanol (45 ml), was added an aqueous solution 
of hydroxylamine hydrochloride (1.5 g, 1.5 ml of water) and the 
mixture was made alkaline with potassium hydroxide solution. 
After heating the reaction mixture for 10 mia, it was allowed 
to stand at room temperature. Crystallization occurred within 
15 min. and the crude oxime was filtered and washed with water. 
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Recrystallization from methanol gave the pure oxime (1.3 g, 
2.832 m mol), m.p. 198-200° (reported^^, m.p. 201-202°). 
3B-Chlorocholest-5-ene (CXCVIl) : 
Freshly purified thionyl chloride (19 ml) was added to 
cholesterol (2b g) at room temperature. A vigorous reaction 
ensued with the evolution of gaseous products. When the reac-
tion slackened the mixture was gently heated at a temperature 
of 50-60 on a water bath for 15 min., and then poured into 
water with stirring. The yellow solid thus obtained was filte-
red under suction and washed several times with water and air 
dried. Recrystallization from acetone gave 3p-chlorocholest-
5-ene (21.5 g), m.p. 95-96° (reported^®, m.p. 96-97°). It gave 
a positive Beilstein's test and a yellow colour with tetranitro-
methane in chloroform. 
3B-Chloro-6-nitrocholest-5-ene (CXCVIII) : 
To a well stirred mixture of 3p-chlorocholest-5-ene (6 g, 
14.8 m mol) glacial acetic acid (75 ml), and nitric acid 
(25 ml, sp. gr. 1,52) at room temperature, was added sodium 
nitrite (1.8 g) gradually. After the complete addition of sodi-
um nitrite, the mixture was further stirred for 1 hr. The 
content was diluted by the addition of water (100 ml) and the 
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s t i r r i n g was continued for 10 minutes more. The yellowish 
sol id thus separated was f i l t e r e d and a i r d r i e d . The desired 
product was r e c r y s t a l l i z e d from methanol as needles (3,6 g ) , 
. p . 150-152° (reported^^, m.p. 149°). 
m 
36-Chloro-5a-cholestan-6--one (XCV) : 
To a so lu t ion of 3p-ch lo ro-6-n i t rocho les t -5 -ene (3.0 g, 
6.674 m mol) in hot g l a c i a l ace t ic acid (70 ml), zinc dust 
(6.0 g) was added gradually in small por t ions with shaking. 
The suspension was heated under reflux for 4 hrs and water (6 ml) 
was added at regular i n t e r v a l s during the course of heat ing. 
The hot so lu t ion was f i l t e r e d t o remove unreacted zinc powder 
and the f i l t e r a t e cooled to room temperature, followed by d i l u -
t i on with l a rge excess of ice-cold water. The organic matter 
was ext rac ted with e ther and e therea l so lu t ion was washed with 
sodium bicarbonate so lu t ion (10?^) and water, and dried over 
anhydrous sodium sulphate , evaporation of the solvent gave an 
o i l which c r y s t a l l i z e d from methanol (1.9 g ) , m.p. 127-129° 
(reported'^°, m.p. 129°). 
36-Chloro-5a-cholestan-6-one oxime (XCVI ) : 
3^-Chloro-5a-cholestan-6-one ( l .O g ) , ethanol (60 ml), 
hydroxylamine hydrochloride (2 .5 g) and sodium ace ta te t r i -
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hydrate (4 .0 g) were mixed together and the mixture was heated 
under ref lux for 2 h r s . Di lu t ion of the r eac t ion mixture with 
water gave the crude oxime, which was f i l t e r e d , washed several 
times with water and a i r - d r i e d . I t was r e c r y s t a l l i z e d from 
ethanol (0 .7 g ) , m.p. 173-175° (reported , m.p. 175°). 
Cholest-5-ene (CXXIX) : 
3p-Chlorocholest-5-ene (10 g, 24.72 m mol) was dissolved 
in warm amyl alcohol (200 ml) and sodium metal (24 g) was added 
in small por t ions to the so lu t ion with continuous s t i r r i n g 
over a period of 8 h r s . The reac t ion mixture was heated occa-
s ional ly during the course of r eac t ion in order to keep the 
sodium metal d i sso lved . The reac t ion mixture was poured in to 
water, ac id i f i ed with hydrochloric acid and allowed to stand 
overnight . A white c r y s t a l l i n e sol id thus obtained was f i l -
tered under suction and washed thoroughly with water and a i r 
d r i ed . R e c r y s t a l l i z a t i o n of t he crude mate r i a l from acetone 
gave choles t -5-ene in cubes (7 ,2 g, 19,459 m mol), m.p. 94-95° 
(reported^^, m.p. 89 .5 -91 ,2° ) , 
6-Nit rocholes t -5-ene (CC) : 
A suspension of f ine ly powdered choles t -5-ene (3.0 g, 
8.108 m mol) in g l a c i a l a c e t i c acid (25 ml) was s t i r r e d at room 
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temperature for 5 min. Fuming n i t r i c acid (10 ml, sp. g r . 1.52) 
was rapidly added and the s t i r r i n g was continued for 2 h r s . The 
temperature mixture was con t ro l led between 20-25 by external 
cool ing. The reac t ion mixture was then poured in to ice-cold 
water . A yellow sol id thus obtained was f i l t e r e d under suction, 
washed thoroughly with water and d r i ed . Rec rys t a l l i z a t i on from 
ethanol furnished the des i red compound (.1.6 g ) , m.p. 117-118 
(reported^^, m.p. 117-118°). 
5a-Cholestan-6-one CXCVII) : 
6-Ni t rocholes t -5-ene (3 .0 g, 7.299 m moi; was dissolved in 
g l a c i a l ace t i c acid (100 ml) by heating and t o t h i s so lu t ion ,z inc 
dust (6.0 g) was added in small po r t i ons . After the i n i t i a l exo-
thermic r eac t ion had subsided, the suspension was heated under 
reflux for 3 h r s . and 12 ml of water was added now and then during 
the course of the r e a c t i o n . The solut ion was then f i l t e r e d and 
the res idue washed with two 10 ml port ions of warm acet ic acid. 
To the f i l t e r a t e was added a few ml of water t i l l t u r b i d i t y Deve-
loped and i t was allowed to stand overnight at room temperature. 
The c r y s t a l l i n e mater ia l thus separated was f i l t e r e d under suction 
and washed thoroughly with water in order to remove zinc ace t a t e . 
The organic so l id was a i r - d r i e d and then r e c r y s t a l l i z e d from 
ethanol (1 .8 g ) , m.p. 97-98° (reported^^, m.p. 95-96°) . 
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5a-Cholestan-6-one oxime (XCVIII) : 
5a-Cholestan-6-one (1,0 g, 2.591 m mol), ethanol (60 ml) and 
hydroxylatnine hydrochloride (10 g in 1 ml of water) were mixed 
together and the mixture was made alkaline. Subsequently the solu-
tion was heated on water bath for 10 min, and poured into water. 
The crude oxime (XCVIIl) was filtered, dried and recrystallized 
from ethanol as thin plates (650 mg), m.p. 198-200° (reported , 
m.p. 204°). 
3a.5-Cvclo-5a-cholestan-6--one (XCIX) : 
A mixture of 3p-chloro-5a-cholestan-6-one (5.0 g, 4.756 m 
mol) and methanolic potash (75 ml, containing 3.7 g of KOH) was 
heated under reflux for 1 hr. and the reaction mixture was poured 
into water. It was extracted with ether and the ethereal solu-
tion was washed with water, dilute hydrochloric acid, water and 
dried over anhydrous sodium sulphate. Removal of the solvent 
gave the cycloketone which was crystallized from methanol (3.5 g) 
m.p. 96-97° (reported"^^, m.p. 97°). 
3a.5-Cyclo-5a-cholestan-6-one oxime (C) : 
To a solution of 3a,5-cyclo-5a-cholestan-6-one (2.0 g, 
5.208 m mol) in ethanol (180 ml) was added hydroxylamine hydro-
chloride (2.0 g) and sodium acetate trihydrate (3.0 g) and the 
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mixture was heated under ref lux for 2 h r s . The excess of the 
alcohol was removed under reduced pressure and the res idue d i l u -
ted with water . The crude oxime was f i l t e r e d , washed thoroughly 
with water and a i r - d r i e d . The pure oxime (C) was obtained on 
r e c r y s t a l l i z a t i o n from methanol as small l e a f l e t s (1.7 g) , m.p. 
143-144° (reported'*^, m.p. 143-144°). 
6-Aza-B-homo-5a-cholestan-7-one (CIII) : 
5a-Cholestan-6-one oxime (XCVIII) (3 g) was dissolved in 
purified thionyl chloride (30 ml) in a bath of solid carbon dio-
xide-acetone. The yellow solution was at once slowly poured 
into 4N KOH (300 ml) at 20°. The pale yellow solid was filtered 
off, washed with water and with aqueous ethanol, dried in a 
vacuum desiccator, and chromatographed on aluminium oxide (90 g) 
in hexane. Elution with ether : hexane (l:l) yielded some un-
changed oxime, but use of ether-hexane (>l:l) and ether gave a 
colourless solid, which on recrystallization from ethanol affor-
ded lactam (2 g), m.p. 176-77° (reported"*®, m.p. 175-176°), 
[a]jj + 52°. 
Analysis found : C, 80.7; H, 11.4; N, 3.7 
C27H47NO requires : C, 80.7; H, 11.8; N, 3.5?^  
IR : 7)^^^ 1669 (lactam C=0), 3230, 3090 cm"^ (lactam NH). 
Mass : Mt 401 
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3B-Acetoxv-6-aza-B-homo--5a-cholestan-7-one (CIV) : 
3^-Acetoxycholestan-6-ketoxime (XCIV) (19.0 g) in 200 ml 
benzene treated with 50 ml thionyl chloride, the mixture stirred 
20 min, decomposed with 20 ml water, the benzene layer evaporated 
to dryness in vacuum, the residue dissolved in methanol, treated 
with water, again evaporated to dryness, and recrystallized from 
methanol to give 13.2 g of 3^-acetoxy-6-aza-B-homo-5a-cholestan-
7-one (CIV) m.p. 223° (reported"*^, 222-223°C). 
Saponification of 3p-acetoxy~6-aza-B-homo-ba-cholestan-7-
one (CIV) gave 3p-hydroxy-6-aza-B-homo-5a-cholestan-7-one (CXCIII) 
m.p. 220°. 
36-Chloro-6-aza-B-homo-5a-cholestan-7-one (CXCIV) : 
The oxime (XCVI) (l.O g), pyridine (10 ml) and p-toluene-
sulphonylchloride (1.0 g) were mixed together. The reaction mix-
ture was kept in dark for 15 hrs. at 15° and then poured onto 
crushed ice-water mixture and extracted with ether. The ethereal 
layer was washed successively with water, dilute hydrochloric 
acid, 5% sodium bicarbonate solution and water and dried over an-
hydrous sodium sulphate. Removal of the solvent provided a non-
crystallizable oil. It was dissolved in light petroleum benzene 
and the solution allowed to stand on a column on neutral alumina 
(28 g) for 1 hr. Elution with benzene furnished the unchanged 
oxime (125 mg). Further elution with benzene-ether (4:1, 2:1 
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and 1:1) gave the lactam as an o i l which was c r y s t a l l i z e d from 
methanol (550 mg), m.p. 151° (reported , m.p. 150-151 ) , 
[a]p° -75° , +ve B e i l s t e i n ' s t e s t . 
Analysis found : C, 74.6; H, 10.9; N, 3.22 
C27H^^N0C1 requ i r e s : C, 74.4; H, 10.6? N, 3 .21^ . 
IR : ^ 3210, 3195 (NH), 1655 (CONH), 730 cm"-'" (C-Cl). 
max 
NMR : d 5.49 d i s t d(CON-H, exchangeable with deuterium), 3.74 
br(C3a-H, Wl/2 = 24Hz), 3.3 m(C5a-H, collapsed to d, d 
on deuterium exchange), ( J ^ g u ^^ = 12Hz, ^ 4 ^ ^ ^^ = 4Hz) 
2.2 m(C7^^-H ) , 0 .9 (CIO-CH3), 0.68 (CI3-CH3), 0.88, 0.83 
(other methyls). 
3B-Hvdroxv-5>6P-dibromo-5a--cholestane (CCI) : 
To a so lu t ion of cho le s t e ro l (14 g) in e ther (100 ml) was 
added gradually bromine so lu t ion [9 .6 g in g l a c i a l acet ic acid 
(100 ml) containing anhydrous sodium ace ta te ( l gm)] with s t i r r -
ing. The so lu t ion turned yellow and promptly se t t o a s t i f f 
pas te of the dibromide. The mixture was cooled at 20 C and 
s t i r r e d with a g lass rod for 5 min. to ensure complete c r y s t a l l i -
za t ion . The product was then col lec ted by f i l t e r a t i o n under 
suction and washed with cold e t h e r - a c e t i c acid mixture (3:7) u n t i l 
the f i l t e r a t e was completely co lour less (15 g ) , m.p. 112°C 
(reported , m.p. 113°). 
i H LH 
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5,63-4)lbrorao-5a-^holestan-3-one (CCH) J 
3^-4iydroxy-5,6p-dibromo-5a-cholestane (10 g) was suspended in 
acetone (300 ml, d i s t i l l e d over KMnO,) in a 3-necked round bottom 
ed flask f i t t e d with a s t i r r e r and dropping funnel . Jone ' s r ea -
gent ( lb ml) was then added in small por t ions from the dropping 
funnel for 30 minutes. The temperature of the reac t ion mixture 
during course of oxidation was maintained between 0-5 by ex t e r -
nal cool ing. After the addi t ion was complete, s t i r r i n g was conti-
nued for 15 min. and cold water (200 ml) was added. The product 
was co l lec ted on a Buckner funnel and washed thoroughly with 
water and methanol and a i r - d r i e d (8 g) , m.p. 73° (reported , 
m.p. 73-75°) . 
Cholest-5-en-3-one (CCIII) : 
To a solution of 5a, 6P-dibromocholestan-3-one (5 g) in ether 
(100 ml) and acetic acid (2.5 ml) was added zinc dust (7.5 g) in 
small portions during 30 min. with continuous shaking. After the 
complete addition, the ethereal solution containing suspended 
zinc dust was filtered in separating funnel. The ethereal phase 
was then washed with water dried over anhydrous sodium sulphate. 
The oily residue obtained on evaporation of the solvent was cry-
stallized from methanol to give the desired product (3.5 g), m.p. 
127-128° (reported^-^, m.p. 129°). 
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Cholest-4-en-3-one (CCIV) : 
A solution of cholest-5-en-3-one (5 g) in ethanol (50 ml) 
and oxalic acid (0,6 g) was heated under reflux for 15 min. The 
reaction mixture was poured into water and extracted with ether. 
Ether extract was washed with water, sodium bicarbonate solution 
(5%) and water, then dried over anhydrous sodium sulphate. Eva-
poration of the solvent gave residue which was crystallized from 
methanol in the cold to give the ketone (3.7 g), m.p. 82° 
(reported^ -*-, m.p. 82-83°). 
4,4-Dimethvlcholest-5-en-3-one (CIX) and 4-methylcholest-4-en-3-
one (CV) : 
Cholest-4-en-3-one (9.58 g) in dry butyl alcohol (160 ml) 
at 40 was treated with a solution of potassium (2.92 g) in the 
same solvent (60 ml). At once methyl iodide (9.3 ml) in dry 
t-butyl alcohol (10 ml) was added and the mixture was refluxed 
for 1 hr. The reaction mixture was worked up in the usual manner 
and extracted with ether, and chromatographed on alumina. Elu-
tion with hexane-benzene (22:1) gave 4,4-dimethylcholest-5-en-3-
one (4.1 g), m.p. 176-177° (reported^^, m.p. 176-177°). Further 
elution with hexane-benzene (7:1) provided 4-methylcholest-4-en-
3-one (1.8 g), m.p. 102-103° (reported^^, m.p. 101-104°). 
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4.4-Die thvlcholes t -5-en-3-one (CXi) and 4 - e t h v l c h o l e s t - 4 - e n - 3 -
one (CVII) : 
A so lu t ion of potassium (3 ,3 g) and cholest -4-en-3-one (10 g) 
in dry t -bu tano l (450 ml) was heated under ref lux for 10 min. 
To the re f luxing so lu t ion was added dropwise, a so lu t ion of ethyl 
iodide (2 .5 ml) in dry t -bu tano l (200 ml), over a period of 2 h r s . 
The reac t ion mixture was allowed to ref lux an add i t iona l 30 min» 
the bulk of the solvent d i s t i l l e d off, and the remainder poured 
in to 150 ml of d i l u t e hydrochloric ac id . Ext rac t ion with ether 
gave 10,01 g of o i l . Chromatography on alumina and e lu t ion with 
hexane-benzene (19 : l ) gave 4 ,4-d ie thy lcholes t -5-ene-3-one (1.71 g) 
o *b3 
c r y s t a l l i z e d from ether-methanol, m.p, 97 (reported , m.p. 96-
97°) . The hexane-benzene e lua tes (9:1) furnished, on c r y s t a l l i -
zat ion from e ther -ace tone , 4-e thylcholes t -4-en-3-one (2.55 g ) , 
m.p. 85° ( repor ted^^, m.p. 84-86°) . 
3-Aza-A-homo-4a-methvlcholest-4a-eno[3.4-d1tetrazole (CVl) : 
A so lu t ion of 4-methylcholest-4-en-3-one (2 .0 g) in benzene 
(25 ml) was added during 5 h r s . t o a mixture of hydrazoic acid in 
benzene and bo ron t r i f luo r ide e the ra t e (2 ml) ( f reshly d i s t i l l e d ) 
maintained at 0 C. After having complete addi t ion , the reac t ion 
mixture was allowed to stand at room temperature for 3 days. 
Thereafter i t was washed with sodium bicarbonate solut ion (5%) 
and water and d r i ed . Removal of the solvent yielded an oi ly 
81 
residue (1.7 g), which was chromatographed on a column of 
silica gel (40 g). Elution with light petroleum benzene (3:4) 
furnished a solid which was recrystallized from ethanol (0.78 g) 
m.p. 141° (reported , m.p. 141°), 
Analysis found : C, 76.30; H, 10.56; N, 12.85 
2^8"46'^ 4 ^ eq^i^es : C, 76.71; H, 10.50; N, 12.78% 
IR : 2) 1600 (C=C), 1510, 1450, 1375 cm""'" (C=N, N=N). 
max 
NMR : a 4.35 mc(C2-H2), 2.31 s(C4a-CH3), 0.98, 0.88 (other 
methyls). 
4-A7a-A-homo-4a.4b-dimethvlcholest-5-eno[4.3-dltetrazole (CX) : 
A solution of 4,4-dimethylcholest-5-en-3-one (2.0 g) in 
benzene (25 ml) was treated with hydrazoic acid-borontrifluoride 
etherate as above. After the usual work-up, the residue (1.8 g) 
obtained was chromatographed on silica gel (40 g). Elution with 
light petroleum ether (14:l) gave compound (CX) as a solid which 
was recrystallized from ethanol (0.83 g), m.p. 132° (reported , 
m.p. 132 ). 
Analysis found : C, 76.40; H, 10.72; N, 12.47 
^29^48^4 requires : C, 76.99; H, 10.62; N, 12.39% 
IR : i>^^^ 1640 (C=C), 1510, 1460, 1375 cm"-*- (C=N, N=N). 
: 82 : 
NMR : d 6.17 (C6-H), 3.16 mc(C2-H2)» 1*94, 1.82 (C4a-p-CH3), 
1.16 (CIO-CH3), 0.67 (CI3-CH3), 0.9, 0.8 (other methyls). 
3-Aza--A-homo-4a-ethylchQlest--4a-eno[3.4-d1tetrazole (CVlIl) : 
4-Ethylcholest-4-en-3-one (2.0 g) was treated as above and 
chromatographed. Elution with petroleum ether - ether (7:1) gave 
a solid (CVIII), which was recrystallized from petroleum ether 
(0.43 g), m.p. 96° (reported^"^, m.p. 96°). 
Analysis found : C, 77.00; H, 10.59; N, 12.35 
^29^48^4 req'Ji^ es : C, 76.99; H, 10.62; N, 12.39% 
IR i 2>^ ^  1600 (C=C), 1510, 1450, 1380 cm"-'" (C=N, N=N). 
NMR : d 4.39 mc(C2-H2), 1.18 (CIO-CH3), 0.73 (CI3-CH3), 0.95, 
0.85 (other methyls). 
4-Aza-A-homo-4a.4b-diethvlcholest-5--enor4.3--d1tetrazole (CXIl) : 
4,4-Die thylcholes t -5-en-3-one (2 .0 g) was subjected to the 
same reac t ion condi t ions and chromatography. Elution with p e t r o -
leum e t h e r - e t h e r (2:1) gave (CXIl) as a so l id , which was recry-
s t a l l i z e d from ethanol (0.69 g ) , m.p. 135° (reported , m.p. 
135°). 
Analysis found : C, 77.66; H, 10.80; N, 11.63 
^31^52^4 requ i res : C, 77.50; H, 10.83; N, 11.66% 
: 83 : 
^^ • 4ax ^^^^ iC=C)r 1510, 1450, 1380 cm"^ (C=N, N=N). 
NMR : d 5.89 mc(C6-H), 2.96 mc(C2-H2), C>.90(C10-CH3), 0.67 
(C13-CH ), 0.83, 0.80 (other methyls). 
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CHAPTER-II 
MUTAROTATION OF 
5,6P-Dibroiiio-5a-cholestane 
Theoretical 
Within a few decades, stereochemistry of many steroidal 
compounds have been established . Among these compounds, halo 
derivatives of steroids exhibited somewhat unusual behaviour. 
To account for their peculiar behaviour, it was supposed to 
carry out further studies on their mode of formation leading to 
stereochemical aspects. 
2 
D.H.R. Barton presented a suggestive approach and suitable 
mechanisms for the formation of dihalides of cholesterol. Cho-
lesterol dichlorides were prepared by two different methods fur-
nishing two stereochemically different products. One of these 
readily obtained by addition of chlorine to cholesterol, implies 
that it should be a trans-dichloride and this was confirmed by 
its resistance to dehydrochlorination on refluxing with methano-
lic NaOH. The second method provided the cholesterol dichloride 
by the reaction of iodobenzene dichloride on cholestryl benzoate 
found to be cis-cholesterol dichloride. Two different mechanisms 
were given for the formation of these isomers. First mechanism 
is ionic in nature, involving the reaction facilitated by small 
amount of water, supported the formation of trans-cholesterol 
dichloride. 
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F i r s t Mechanism 
CI 
< ^ < 
CI 
+ H^O < A ' 7 ) - I + HCl + HOCl 
( ^~A-^ + H"^  + Cl~ + 0H~ + Cl^ ) 
> C = C < + CI 
( I ) 
+ 
CI CI 
/ \ f c i - ' 
>c — c< ^-^ ) >c - c< 
I 
CI 
( I I ) 
H"*" + OH" 
-> H2O 
T a b l e - I 
Molar r a t i o of 
C h o l e s t r y I b e n z o a t e : W a t e r 
Yield of d i c h l o r i d e s i%) 
5 a , 6 a - 5 a , 6 ^ -
7 :1 
1:1 
83 
22 
9 
15 
60 
64 
Second mechanism fo l lowing s t r a i g h t f o r w a r d molecu la r 
i n t e r a c t i o n r e s u l t e d in t h e fo rma t ion of s t e r e o c h e m i c a l l y 
c i s - i s o m e r . 
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Second Mechanism : 
>C = C< > >C,^C< > >C—C< 
CI CI CI CI CI CI 
I -I" ( I I I ) 
\ I 
Ph Ph +PhI 
Taking into consideration the above two mechanisms, ordinary 
trans- cholesterol dichloride may be assumed to have 5a,6p- or 
5p,6a configuration, and that of cis-dichloride is 5a,6a or 5p,6p-
dichlorocholestanol. In order to confirm the exact orientations 
of chloro groups in these steroidal isomers, chemical investiga-
tions were carried out. Known a-oxide of cholesterol on treat-
ment with HCl afforded 5a-hydroxy-6p-chlorocholestan-3p-ol which 
on chromic acid oxidation and dehydration with thionyl chloride, 
gave 6p-chlorocholest-4-en-3-one, found to be identical in all 
respects with the ketone obtained from ordinary (trans) - choles-
terol dichloride. Similar course of reaction was followed in 
order to confirm the configuration of cis-dichlorocholestanol. 
Molecular rotation differences were also taken into consi-
deration for assigning configuration. 6a-Hydroxy cholestane and 
6a-acetoxycholestane were found to be more dextrorotatory than 
their respective p-isomers. Optical activity of a halo compound 
is often comparable with that of corresponding alcohol, and thus 
a pair of stereoisomeric halides usually show the same sign for 
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their difference in molecular rotation as do the isomeric alco-
hols. The 6-chlorocholest-4-en-3-one from the cis-dichloride 
was found to be more dextrorotatory than the respective ketone 
from trans-dichloride, supporting their configurational assign-
ments as 5a,6a- and 5a,6p- dichlorocholestanol respectively. 
Table-II 
Compounds [M]j-j6a - [M ]p6^ 
6P 6a 
Cholestan-3p,6-diol +57 +154 +97 
Cholestan-3p,6-diol -117 +195 +312 
diacetate 
Cholest-4-en-3p,6-diol +32 +117 +85 
-58 
+65 
-123 
 1
 1
+ 100 
+247 
+9 
C h o l e s t - 4 - e n - 3 p , 6 - d i o l -58 100 +158 
d i a c e t a t e 
6 - C h l o r o c h o l e s t - 4 - e n - 3 - o n e   +182 
5 a , 6 " C l i c h l o r o c h o l e s t a n -   +132 
3 p - o l 
3 
For the f i r s t t ime , Mauthner observed t h e m u t a r o t a t i o n of 
o r d i n a r y c h o l e s t e r o l d ib romide . Ordinary c h o l e s t e r o l dibromide 
l e f t in s o l u t i o n a t room t e m p e r a t u r e gave d e x t r o r o t a t o r y i s o -
meric d ib romide . 
4 
B r e t s c h n e i d e r e t a l . found t h a t 5a, 6^ - d ib romocho le s t an -
3^ -o l showed s i m i l a r m u t a r o t a t i o n t o g ive an e q u i l i o r i u m mixture 
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from which a new stable cholesterol benzoate dibromide was 
isolated. 
D.H.R. Barton found that ordinary cholesterol dibromide 
on standing in chloroform solution for a few days furnished a 
'Stable* isomeric dibromide which upon benzoylation provided a 
benzoate dibromide showing high positive optical rotation. 
Chemical analysis of this 'stable' dibromide predicted 
somewhat different results as compared to 'stable' dichloride 
implying that stable isomer of dibromide would be having diff-
erent configuration, may be either 5a,6a- or 5p,6a-. Chromic 
acid oxidation and dehydrobromination of new dibromide afforded 
6a-bromocholest-4-en-3-one instead of 6p-bromocholest-4-en-3-one 
confirmed by absorption spectrum and high positive rotation and 
also difference in molecular rotation. The lack of reactivity 
with alkali (not undergoing dehydrobromination), suggests the 
'stable' dibromide would be having (trans) 5p,6a-configuration. 
Table-Ill 
Substance 5 
Alcohol Acetate Benzoate Ketone An Ao AT 
5a,6p-dichloro-
cholestan-3p-ol -123 -145 -112 -123 -22 +9 +0 
5a,6p-dibromo-
choles tan-3p-ol -240 -271 -234 -245 -31 +6 -5 
a = Opt ical r o t a t i o n s in chloroform, b = Molecular ro ta t ion 
d i f fe rences , Ai = on ace ty l a t i on , AO ~ °" benzoylation 
Ao - on ox ida t ion . 
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Table-IV 
Ketone 
M^' 
6^- 6a-
[M]p(6a-6P) 
6-Chlorocholest-4-
en-3-one 
6-Bromocholest-4-
en-3-one 
+65 
+28 
+247 
+245 
+ 182 
+217 
Mechanisms for the formation of (ordinary) 5a,6p- dibromo-
cholestanol (VI) and stable 5p,6a-dibromocholestanol (VII) thro-
ugh bromonium ions (V) and (IV) respectively, is as follows : 
Br 
Pi 
>C — CH-
1 
Br 
(VI) 
+Br' 
>C — CH-
\ / 
Br 
(V) 
-,+ 
+Br + 
-Br 
+Br 
5 6 
>C = CH-
+Br 
-Br + 
Br 
/ \ 
>C ~ CH-
(IV) 
-1 + 
+Br 
Br 
>i — CH-
Br 
(VII) 
Ionic addition of bromine to unsymmetrical olefin should 
follow Markownikoff's rule. According to this rule, nucleo-
philic olefin at the second stage of addition requires a bro-
manion attaching to more substituted carbon. Most of the 
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bromanions (IV) and (V) were following this trend but a few of 
them behaving abnormally to give the products (VII) and (VI) 
respectively. Most of the olefins were not following this 
pattern of ionic addition because of irreversibility. So the 
addition of bromine to cholesterol should be considered stereo-
chemically as a special case of ionic 'Non-Markownikoff's' 
addition. Dextrorotatory cholesterol benzoate dibromide was 
referred to as the 'Stable' isomer because in its equilibrium 
mixture, it was existing four times as that of ordinary dioro-
mide. Free energy differences between the two isomers indicated 
that 5p,6a-dibromide is 800 cal. more stable than ordinary 5a,6^-
dibromide. It was found that trans 1,2-dibromides had undergone 
debromination more rapidly than their cis-isomers by treatment 
with KI. Following the same course of reaction, ordinary choles-
terol dibromide was easily debrominated whereas 5p,6a- dibromo-
cholesterol to a negligible extent. All these factors favoured 
for the stability of the 5p,6a-dibromocholesterol. Steric 
factor was also taken into consideration for repulsive interac-
tion between non-bonded atoms, the hinderance between 6p-sub-
stitutent and the C-10 methyl group. 
For easy elimination of bromine from dibromo compounds 
under the influence of iodide ion, the four centre must lie in 
one plane. Since the rotation about C-C bond is possible, hence 
the coplanarity should be achieved by the molecule in order to 
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minimize the activation energy in persuance with quantum mecha-
nical theory. For simple cyclohexane derivatives, necessary 
conformation should be achieved by the two trans- substituents 
when both are planar, whereas cis-substituent can't. 
>C - CH-
M 
Br 
t 
I 
(A) 
Concept of coplanarity would be applied to cholesterol 
dihalides in order to understand their anomalous behaviour. In 
5a,6a-dichlorocholestan-3p-ol (III) and (C), along 0^:C, axis, 
the Cf-(Cl) and C. (H) are in one plane for an easy hydrogen 
chloride elimination, and the stability of 5a,6p-halo compounds 
towards alkali can readily be understood. In 'stable' choles-
terol dibromide (VIl), looking down the Cp.:C, axis, shows that 
^5* C, and the two bromine atoms are not in one plane, respon-
sible for the difficulty in elimination. Classical Sachse-Mohr 
two boat conformation (Vila) is not providing support for the 
behaviour of 'stable* dibromide, as here Cp., C, and two bromine 
atoms do lie in one plane. 
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( V I ) <=S' (B) 
ClO 
(c) 
H 
- B r ( C ^ ) 
C4 ^^^^6^ 
( V I I ) 
(D) 
(C.) 
(Vila) (E) 
100 : 
In their further communication Barton and coworkers 
emphasized on the stereochemical course of the addition of 
halogens to cholesterol. The mode of opening of 5:6a-bro-
monium ion suggested the C-5 substituent to be a-halide in 
orientation In ordinary cholesterol dihalides. 
Cholesteryl benzoate p-oxide (VIII) on treatment with 
HCl furnished 5a-chloro-6p-hydroxycholestan-3p-yl benzoate 
(IX), which on reaction with thionyl chloride or phosphorus 
pentachloride afforded 5a,6p-dichlorocholestan-3p-yl-benzoate 
(X). 
BzO 
98^17 
HCl 
BzO 
(VIII) 
(IX) 
SOCl. 
or 
PCl^ 
BzO 
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When p-oxide (VIII) treated with HBr, gave 5a-bromo-6f3-
hydroxycholestan-3p-yl benzoate (Xl), which with thionyl 
chloride or phosphorus pentachloride furnished 5a-bromo-6p-
chlorocholestan-3p-yl benzoate (XII). 
^ HBr 
(viii; > 
(XI) 
5 BzO 
(XII) 
React ion of c h o l e s t e r o l - p - o x i d e ( X I I I ) wi th aqueous HBr 
gave 5a -b romo-63-hydroxycho le s t an -3p -o l (XIV), which on r e a c t i o n 
wi th t h i o n y l c h l o r i d e and a f t e r h y d r o l y s i s p rovided 5a-bromo-6p-
c h l o r o c h o l e s t a n - 3 p - o l (XV). Compound (XV) on chromic acid o x i -
d a t i o n and dehydrobromina t ion wi th NaOAc gave 6 p - c h l o r o c h o l e s t -
4 -en -3 -one (XVI). 
CsHl? 
HBr 
(aq) 
( X I I I ) 
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(XIV) 
SOCl. 
Hydrolysis j^. 
(XV) 
H2Cr04 
NaOAc 
From the above reactions, it may be concluded that 5:6a-
bromonium ion parallels sterically the opening of the 5:6a-oxide 
ring. The 5,6p-oxide ring or 5:6a-oxide ring opening results in 
the a-substitution at C^ -. So the halide substitution at C^ ^ was 
confirmed to be a- in orientation, 
7 
Grob and Winstein carried out extensive studies in order 
to give appropriate mechanism for mutarotation of dibromocho-
lestane. 
Mutarotation of (VI) and 5a,6p-dibromocholestane (XVII) 
was studied with the following r e s u l t s ( so lvent , temp., 
k, + k_, sec ) , where k, and k_, are , r e spec t ive ly , the forward 
and reverse I s t - o r d e r r a t e constants : 
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BzO 
CgHj_7 CgHj_y "l7?8 
(XVIII) 
Table-V 
Compound Solvent Temperature ( C) k^ + k_j^/(sec~ ) 
VI 
XVII 
CHC13 
Heptane 
CCI4 
^6^6 
PhNO^ 
CHCI3 
40.03 ( 
75.05 < 
39.98 ( 
75.05 ( 
40.03 
40.03 < 
25.25 ( 
39.98 ( 
40.03 ( 
40.03 ( 
; 1.93+0.09) X 
;4.77+0.10) X 
[1.99+0.07) X 
;1.28+0.04) X 
[3.95+0.15) X 
[2.09+0.10) X 
[1.11+0.10) X 
[ 5.6+0.7) X 
[ 6.5+0.5) X 
[ 7.0+0.6) X 
10 
10 
-5 
-5 
10 -6 
10 -4 
10 -6 
10 -5 
10 -5 
10 -5 
10 -5 
10 -5 
The 5p,6a-dibromocholestane (XVIII) (high melting isomer) 
did not show any mutarotation under these conditions in CHCl 3 
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and CCl.. However (XVIIl) had the I s t - o r d e r so lvo ly t ic r a t e 
constants given in t ab l e -VI . 
Table-VI 
Solvent Temperature Ist-order solvolytic rate 
°C constant iSec~ ) 
CHCl^rEtOH (1:1) 40.03 4 x 10"^ 
•3' 
•3' CHCl^:AcOH (1:1) 40.03 1 x 10'^ 
Final rotations, temperatures and equilibrium constants 
(k.,/k_,) for mutarotation corresponding to k, and k_., were 
recorded for different dibromoderivatives as given : 
Table-VII 
Compound Solvent Temperature k,/k , 
(°C) 
5.9 
5.13 
3.85 
+ 100 
>100 
>100 
27.6 
31.3 
VI 
via 
XVII 
CHCI3 
CHCl^ 
C6"6 
CHCI3 
CCI4 
Heptane 
40.03 
61.2 
80.1 
25.25 
40.03 
39.98 
75.05 
75.05 
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Conformational analysis established the fact that 3(3-
substituted dibromides relatively favour the 5a,6P-configu-
ration over the 5p,6a-configuration as compared to unsub-
stituted dibromides. 3p-Substituent is inhibiting the con-
version of 5a,63-dibromide to 5p,6a-dibromide, due to the 
change in preferred equatorial conformation to less stable 
polar one. This change is especially inhibitory because the 
C-5 Br atom occupies a polar conformation with respect to the 
steroid nucleus. In CHCl^ at 40.03°, the lack of effect of 
Bz^O and pyrocatechol indicated the absence of a free radical 
mechanism. In CCl., the isomerization had H | = 24.9 k cal/mol, 
E | = 25.5 k cal/mol; sj = -5.1 e.u. 
Solvolysis and isomerization of (XVIl) (0.0471M) at 40.03^ 
in 1:1 CHCl^-AcOH in presence of 0.04675M NaOAc, yielding the 
first order constants : k(polarimetric) (8.21+0.18) x 10 
sec ., k(HBr appearance) (2.4+0,2) x 10" sec" ., showing that 
the ratio of the solvolysis to isomerization remained constant 
during the course of the reaction. Product analysis showed that 
—5 —1 the rate of solvolysis is at least less than 2.4 x 10 sec . 
The lack of effect of NaOAc and LiBr on the mutarotation and 
solvolysis of (XVIl) in CHCl^-AcOH (1:1) eliminates the S^ ,2' 
mechanism and dissociation-recombination, involving a bromonium 
ion. 
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-Br" 
-Br" 
(XX) 
+ Br" -Br +Br' ; -Br-
il 
-Br-
+ Br" 
The simplest interpretation is in terms of an inter-
mediate or activated complex (XXIII) like : 
Br 
/ \ 
>C — C< 
Br~ 
(XXIII) 
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The dependence of the isomerization rate of (XVII) on 
the dielectric constant of the medium shows lack of complete 
correlation. 
Table-VIII 
Relative Ist-order isomerization rate constants of (XVII) at 
40° and the dielectric constants 
Solvent Ist-order isomerization Dielectric constant 
rate constant 
1 1.9 
2.7 2.2 
5.3 2.247 
28 32.3 
86 4.47 
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Heptane 
CCI4 
^6^6 
PhN02 
CHCI3 
CHCI3: 
(1: 
CHCI3: 
AcOH 
1) 
EtOH 284 
(1:1) 
An approximate determination of 5a.6p-dibromocholestanol 
(VI) in 80% dioxane at 40 showed a seven fold increase in the 
rate over that in CHCl^. The dependence of isomerization rate 
on the ionising power of the solvent is also lacking. But 5a, 
6p-dibromocholestane (XVII) showed a relatively great rate of 
isomerization in heptane not catalysed by traces of polar impu-
rities present in the solvent. Therefore, it was concluded that 
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there is not much charge separation in the (XXIII) in heptane, 
suggesting that (XXIIl) seems to change gradually with the 
ionising power of the solvent. This can be best expressed by 
formulation : 
+ 
Br 
p \ 
"Br 
(XXIIIa) 
Br 
/ 
>C — C< ^ 
/ 
L Br 
Br 
\ 
-> >C ~ C< <-
\ 
Br 
Br Br + 
> c = c < < — > >c = c< «-
+ Br Br 
Br 
/ \ 
-> >C — C< 
Br' 
Br" 
•» >C — C< 
+ 
The relative isomerization rates at 40 in CHCl^ of the 
5a,6p-dibromocholestanes are : 3p-0Bz, 1; 3p-CH, 3.5; 3p-H, 13. 
For mutarotation to occur in inert solvents at least one 
tertiary bromine appears to be necessary. Thus, 2,3-dibromo-
cholestane does not isomerize. Optically active pure dibromo-
butane, a^ , - 2.43 (l atm,), (dielectric constant approx. 6) in 
a closed ampule for nine years changes to [o^ lr) ~ 2.17° and hence 
only mutarotates l/lO^ to l/lO^ as fast as (XVII). 3p-Benzoxy-
5a-bromo-6p-chlorocholestane and 3p-acetoxy-5a,6P-dichloro-
cholestane did not mutarotate at room temperature, although at 
200 (fusion), the latter shows some mutarotation. 
Table-IX 
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Compound Solvent Concentration 
mol/L 
[a] 
D 
VI 
V I I 
XVII 
[ h a s d i m o r p h i c 
fo rm, m . p . 9 5 -
9 6 ° ( f r o m CHC1„-
AcOH)] . ^ 
XVII I 
CHCI3 
CHCI3 
CHCI3 
PhN02 
CCI4 
h e p t a n e 
CHCI3 
CCI4 
^ 6 " 6 
h e p t a n e 
PhNO^ 
2 . 2 3 9 6 
2 . 3 4 1 
3 . 0 3 
2 . 0 
2 . 0 4 1 2 
2 . 0 
2 . 0 
3 . 0 6 6 
2 . 0 
2 . 0 
2 . 0 
2 . 0 
-46" 
+49.5' 
-40.3 
-45.5^ 
-45 
-54° 
-33° 
+48.9^ 
+53° 
+56° 
+47° 
+55.7* 
o 
Conformations for 5,6-dibromosteroids (XIX, XXII) can be 
given by the s t r u c t u r e (A) and ( B ) for the l a b i l e (A) and 
s t ab l e ( B ) dibromides r e s p e c t i v e l y . 
HoC 
(A) (B) 
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p 
Zeigler and Shabica attempted direct and more sophisti-
cated halogenation of cholesterol using N-bromoacetamide -
hydrogen chloride couple, proceeding through non-Markownikoff 
addition of halide anion to the intermediate 5,6a-bromonium 
ion. The two possible mechanisms were outlined to show the 
formation of ordinary 5a,6P-dibromo-3p-cholestanol (VI) and 
thermodynamically more stable dextrorotatory 5P,6a-dibromo-3p-
coprostanol (VII). 
Mechanism - A 
>C = C H -
5 6 
Br 
Br 
/ \ 
>C — CH-
Br 
>C - CH 
la 
Hal 
Br 
/ \ 
>C — CH-
-1+ 
L t 
Hal 
Hal 
Mechanism B 
>C = CH-
5 6 
Br 
>C — CH-
\ / 
Br 
Hal 
Hal 
^^  
>C — CH-
\ / 
Br 
-I + 
Hal 
>C — CH-|a 
Br 
Ill 
Mechanism - B, must be the correct one. The method of 
mixed melting point was found to be very limited usefulness 
for the differentiation in dibromides due to no depression 
in melting points. 
9 
Barton and Robinson carried out reduction of two stereo-
isomeric 5,6-dibromocholestanes in order to distinguish between 
them. Reduction of 5^,6a-dibromocoprostane (XVIII) by lithium 
and liquid ammonia gave, alongwith the cholest-5-ene (XXV), 
cholestane (XXIV) as the sole product. Similar reduction of 
the stereoisomeric diaxial 5a,6P-dibromocholestane (XVIl) gave 
only cholest-5-ene (XXV), 
8" 17 
(XXIV) 
Li-NH3 
Li-NH, 
Li-NH. 
(XVII) (XXV) 
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Kwart and Weisfeld had shown acid catalysis, affecting 
the rate of isomerization of 5a,6p-dibromocholestane. 
(Stable) 
With increasing size of 3p-substituent, the equilibrium 
constant becomes progressively smaller. It was shown that 
•opening mode* of many three membered ring systems, proceeded 
in anti-Markownikoff manner, as do the 5,6a-halonium ion. 
>C = CH - Br >C — CH-
\ / 
Br 
a 
+ 
iiaL 
Hal 
•^  > C — C H 
la 
Br 
A bronium-bromide ion pair or 'internal ion pair' 
(XXIIIa) corresponding to an intermediate state is occuring in 
reactions in media of low polarity and low ion - solvating 
power. In this intermediate bonding of the both oromine atoms 
113 
become equivalent and considerable covalent character exists 
in the bonds shown by dotted lines : 
Br 
•••, / 
Br 
(XXIIIa) 
The lack of general base catalysis, involving pyridinium 
acetate, is shown in the isomerization rate. The relatively 
large value of the Bronsted coefficient is due to carboxylic 
acid catalysis in the rate determining step of the reaction, 
increasing the extent of bond breaking in the transition state 
causing a lowering of the electron density in the carbon-bromine 
bond. The transition state for acid catalysed mutarotation can 
be given as : 
Br^ 
>C — CH-
5\ /6 
^^ = A 
The data were given for acid catalyzed mutarotation of 
5a,6^-dibromocholestane in benzene solution : 
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pka 
.2.5 -3-0 -3-5 -4 
Log k, 
5-5 -6 
Bronsted catalysis in the mutarotation of 
dibromocholestane by carboxylic acids; 
comparison of catalytic constants k^  with 
the relative acid dissociation 
constants of carboxylic acids in benzene. 
Table-X 
Rate variation of mutarotation of 5a,6p-dibromocholestane with 
acid concentration 
Catalyst Concn. 
mo 1/1 
k^  X 10^ sec"^ 
-log [HA] 
None 
Chloroaceticacid 0.01977 
Chloroacetic '• 0.03874 
Chloroacetic " 0.09885 
Phenol 0.1268 
Phenol 0.2232 
Phenol 0.4464 
6.16+0.02 
7.35 
8.25 
10.7 
13.30 
24.1 
65.4 
1.704 
1.412 
1.005 
0.896 
0.651 
0.350 
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in 
1 
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r.4 
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1.0 
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0 0.2 0.4 0J6 0.8 1.0 \-2 
log [CICH2COOH] - 2 
log [C^H^OH] - 1 
Catalytic order in chloroacetic acid (.) 
and phenol (o): k and k refer, respec 
tively to the observed "rate constants 
with added chloroacetic acid and phenol. 
The mechanism of acid catalysis by carboxylic acid shows 
an exact first order dependence on acid concentration, the 
molecularity in acid must be two. For carboxylic acids, occu-
rring as dimers in benzene solution, kinetics confirms that 
5a-Br is the more basic of the two halogens in the reagent, 
easily available for solvation by acids in a bulky complex. 
The proton tightly held in the dimer, is not fully imparted to 
the halogen. 
Br 
>C — CH-
'•^ I 
/ 
i O = C 
0 
/ 
o H 
/ 
/ 
R X 
c = o' 
118 
Whereas in phenols the proton is readily accessible and 
more readily imparted to solvated halogen atom as compared to 
carboxylic acids. A mixture of phenol and o-chlorophenol is 
approximately six times more efficient catalytically than only 
phenol. o-Chlorophenol (the poorer catalyst where autoproto-
lysis is required in solvation of the halogen) is evidently the 
better solvator of oxygen. Higher activity of phenol in the 
transition state is shown : 
>c( '"pH-
^Br 
H 
[0J3-O-H O-[0]^ 
(C) [0]^ 
[0] 
(D) [0], 
B 
•> phenol 
-> o-Chlorophenol 
-> o-Chlorophenol 
[0]g > phenol 
Barton and Head r e p o r t e d t h e r a t e s of rearrangement of 
s t e r o i d a l 5 a , 6 p - d ibromides (Vl) t o give 5p ,6a -d ib romides (VII) 
v i a a t r a n s i t i o n s t a t e (XXII Ib ) . 
Br 
-C^— C-
I I 
Br H 
Br 
/ \ 
\ / 
\ / 
Br 
Br H 
Br 
(VI) (XXIIIb) (VII ) 
119 
Reaction was first-order, studied polarimetrically, and 
reversible. The position of equilibrium varies with the size 
of C3-^substituent as shown : 
Table-XII 
5a, 6p-Dibromocholes tane 5p, 6a-Dibromide (,%) 
3 /3 - subs t i t uen t a t equi lm. a t 40 
H >99 
CI 13 
Br 10 
OH 8 5 . 5 
OBz 80 
The rear rangement of 5 a , 6 p - d i b r o m o c h o l e s t a n e (XVII) s h o -
wed f i r s t - o r d e r k i n e t i c s upto 70?^ or more of complet ion of 
r e a c t i o n , and i n d i c a t e d r a t e c o n s t a n t s of 1.37 x 10 and of 
7 .0 X 10"^ sec"-^ a t 25 .25° and 4 0 . 0 3 ° r e s p e c t i v e l y . No s i g n i -
f i c a n t v a r i a t i o n was found i n k over a n i n e - f o l d v a r i a t i o n in 
c o n c e n t r a t i o n . The r a t e c o n s t a n t equa t ion f o r the m u t a r o t a t i o n 
was found t o be k = 10 ^''^ exp (-20400/RT) sec"-"-. S t igmas ta - 5 , 
22 -d iene on bromina t ion f u r n i s h e d 5 a , 6 ^ , 2 2 ^ , 2 3 ^ - t e t r a b r o m o -
s t i gmas t ane (XXVI) which r e a r r a n g e d smoothly in chloroform s o l u -
t i o n to g ive 5 j3 ,6a-dibromocopros t igmastane (XXVIII) . The 
k i n e t i c s of t h i s p rocess were found to be of the f i r s t o rde r 
120 
and independent of the concen t ra t ion . At a l l temperatures the 
rearrangement of the 5a,6P,22^,23^-tetrabromostigmastane was 
s i g n i f i c a n t l y slower than t h a t of 5a,6p-dibromocholestane. The 
10.0 
rate constant equation was shown to be k = 10 
sec 
exp(-20400/RT) 
(XXVIII) (XXIX) 
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Compound 
5a,6^-Dibromo-
cholestane 
(XVII) 
5a,6^-4)ibromo-
stigmastane 
(XXVII) 
5a,6^,22^,23^-
Tetrabromo-
stigmastane 
(XXVI) 
5a,6P-Dibromo-
deoxytigogenin 
(XXIX) 
Table-XIII 
Temp. 
28.0 
35.0 
41.0 
29.95 
36.0 
45.0 
20.0 
35.0 
40.0 
49.0 
36.0 
41.0 
48.0 
Mean velocity 
const. 
10^ k(sec~-'-) 
1.87 
4.19 
7.86 
2.3 
4.39 
12.3 
0.558 
3.0 
5.51 
13.4 
3.15 
5.47 
11.1 
No. of 
runs 
6 
9 
8 
2 
3 
2 
5 
6 
7 
4 
7 
2 
2 
Mean error 
{%) of 
mean k 
0.5 
0.7 
0.9 
— 
— 
-
0.9 
1.5 
0.4 
0.6 
1.5 
-
-
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Table-XIV 
Compound Concn.(g/lOO ml) Veloci ty constant 
lO^k (sec"^) 
5a,6p-Dibromo 1.06 7.7 
cholestane (XVII) 2.02 8.2 
at 41.0° 3.79 7.8 
3.89 7.7 
3.96 7.75 
4.03 7.75 
4.92 8.1 
9.30 7.75 
5a,6P,22^,23^- 1.08 5.3 
Tetrabromostigma- 2.91 5.55 
stane (XXVI) 3.07 5.45 
at 40° 5.16 5.6 
9.71 5.55 
For t h i s d i f fe rence , following observat ions were car r ied 
out . 22^,23^-Dibromostigmasteryl-3p-benzoate, obtained from 
se l ec t ive debromination of 5a,6p,22^,23^-tetrabromost igmasteryl-
3p-benzoate, showed no sign of rearrangement in chloroform and 
gave back o r i g i n a l te t rabromide , implied t h a t side chain 
123 
diDromide was not undergoing rearrangement during mutarotation. 
The structural difference between (XVII) and (XXVI) consists of 
an extra ethyl group and two side chain bromines. Only C5-Br 
and C6-Br are responsible for the rate constant difference was 
made probable by showing that an extra ethyl group had no effect. 
5a,6p-Dibromostigmastane (XXVIl) was rearranged in chloroform, 
with the same rate as 5a,6p-dibromocholestane, to give 5p,6a-
dibromocoprostigmastane. The reaction was of first order with 
rate-constant equation k = lO"^ *^-'- exp(-20400/RT) sec"""-. 5a, 6p-
Dibromodeoxytigogenin (XXIX) had undergone rearrangement in 
chloroform with slower rate than 5a,6p-dibromocholestane, to give 
5f3,6a-dibromodeoxycoprotigogenin. The rate-constant equation of 
this first order reaction was given by k = 10 * exp(-20400/RT) 
sec" . The difference in reaction rate between 5a,6p-dibromo-
cholestane and 5a,6P,22^,23^-tetrabromostigmastane represents a 
long-range effect in conformationally unambigous systems trans-
mitted through six saturated carbon atoms or through 9.3 A°. No 
correlation was found between molecular rotations and reaction 
rates. 
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Table-XV 
Compound •'P rw-i 
5a,6p- bp,6a- ° 
Dibromocholestane -215° +267° +482° 
Dibromostigmastane -197 +274 +471 
22^,23^-Tetrabroino-
stigmastane -226 +246 +472 
Dibromodeoxydiosgenin -586 -158 +428 
Discussion 
Conformational analysis has proved its worth most specta-
cularly in alicyclic and fused alicyclic systems such as the 
steroids, for rapid advances in our understanding of reactions 
12 
and mechanisms . Though the energy barrier separating the diff-
erent conformations is not large enough, it is sufficient to 
have considerable influence on the statistically preferred 
shape of the molecule , The chair form of the cyclohexane is 
most stable because in this form the non-bonded interactions are 
13 
at a minimum, the hydrogen atoms on each carbon are staggered . 
Since the energy barrier to interconversion of one chair confor-
mation to another is small, it is relatively easy for the mole-
cule to 'flip over' and in doing so axial and equatorial sub-
stituents in the original chair conformation become equatorial 
12 
and axial respectively in the new conformation . 
H H 
Axial Hydrogens Equatorial Hydrogens 
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Because of these non bonded-interactions, a substituent 
larger than hydrogen might be expected to induce the molecule 
to take up and remain predominantly in a conformation in which 
12 
substituent lies in the equatorial position . 
Bimolecular substitution (S^2) occurs more readily, if the 
substituent involved, is in the axial position because the 
transition state for the process is more easily formed. Approach 
of the nucleophile is not hindered and expulsion of the leaving 
group is assisted by the 1,3-interactions, which hinder attack 
12 
on an equatorial substituent . 
Infrared measurements show that absorption band shifted to 
slightly shorter wavelength by an equatorial substituent in the 
a-position but a similar axial substituent produces a larger 
shift to longer wavelength and increases the intensity consi-
12 1 derably . H-NMR spectroscopy provides another useful tool for 
conformational analysis. A proton in an axial position in a 
cyclohexane ring absorbs at higher frequency than its counter-
part because of longrange shielding effect. Further, the spin-
spin coupling constant (J) between adjacent protons in diaxial 
position is 2-3 times greater than J between protons' one or 
14 both are in equatorial position . 
Here we studied mutarotation of 5a,6P-dibromocholestane, 
following a new approach by using more recent and advanced 
spectral techniques. A clear difference and identification may 
12 7 
be visualized for both isomers, on the basis of UV, IR, H-NMR 
and -^^C-NMR spectra. 
Base catalyzed mutarotation of 5a.6g-dibromocholestane : 
In contrast to reported results , mutarotation of 5a, 6^ -
dibromocholestane to 5^,6a-dibromocoprostane was carried out 
successfully in fairly good yield, by following a much easier 
course of reaction, in presence of different bases. Both iso-
mers showed positive Beilstein's test. 
* « ^ < ^ ^ ^ 
J J Br 
(XVII) (XVIIi; 
UV spectra of labile dibromide (XVIl) and stable dibromo-
coprostane (XVIII) revealed a noticeable difference between the 
two conformers by providing UV maxima at ~\ 310 and 300 mu 
max 
r e s p e c t i v e l y . A sharp and in tense peak in the wavelength region 
at 310 m|i was occured due t o two axia l bromine atoms of ordinary 
5a,6p-dibromocholestane (XVII), whereas a much less intense 
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maxima at 300 m|i was observed due to two equatorial bromine 
atoms of 5p,6a-dibromocoprostane (XVIIl), as a-axial bromine 
atom always appears at a longer wavelength than equatorial bro-
mine atom/atoms in a molecule 
IR spectra of compound (XVIII) showed a broad oand from 
705-750 cm" for bromine atoms in equatorial position, whereas 
no band was observed above 650 cm" for bromine atoms of (XVII) 
as the band was expected for axial bromine atoms within a range 
_ll6 
of 550-690 cm . Beside other peaks a prominent C-H stretch-
ing band was observed for compounds (XVII) and (XVIII) at 1475 
and 1450 cm" respectively. 
The NMR spectrum of compound (XVIII) provided a much clear 
and sharp double doublet centred at d 4.99 (J values = 12.5 cps 
and 5 cps) as compared to double doublet obtained for compound 
(XVIl) centred at d 4.88 (J values = 4.5 cps and 2 cps), due to 
13 C6-proton , doubly and much less splitted singlets at d 0.845 
and 0.875 due to C-25 gem dimethyls were observed for compound 
(XVIII). Other methyl signals appeared as sharp singlets at 
o 1.17 (CIO-CH3), 0.90 (C2O-CH3) and 0.64 (CI3-CH3) for (XVIII), 
A quite different pattern was observed for angular methyls of 
compound (XVIl). Two sharp doublets integrating for three 
protons each, appeared at d 0.85 and 0.87 for gem dimethyls at 
C-25, whereas peak, for C-20 methyl, appeared as a sharp and 
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more splitted doublet integrating for three protons at d 0.91, 
observed in the NAAR spectrum of compound (XVIl). Other methyl 
signals at d 1.4 (ClO-CH^) and 0.70 (C13-CH^) as sharp singlets 
were obtained. Fragment ions found in the mass spectrum of the 
compound (XVIII) are shown as below : 
Scheme~l 
m/z 355 
-CH-
•Br. 
m/z 370 ^ 
M. 528/530/532 
m/z 433/435 
-2HBr 
-CH, 
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m/z 513/515/517 
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•••^ C-NMR values for both conformers (XVII and XVIIl) of 
dibromocholestane were shown in table-XVII as a comparative 
measure. Relatively upfield shifts were observed for compound 
(XVIIl) where A/B ring junction is cis as compared to cmr 
shifts of compound (XVII) where A/B ring junction is trans. A 
notable variation in cmr shifts of A/B ring is due to steric 
hindrance and relative strains experienced by these carbons. 
Table-XVII 
13 Carbons C-Chemical shifts of individual carbons in ppm (d) 
5a,6p-Dibromocholestane 5p,6a-Dibromocoprostane 
C-1 39.75 41.34 
C-2 23.24 24.CX) 
C-3 20.94 22.23 
C-4 36.98 36.72 
C-5 93.25 86.84 
C-6 57.28 64.30 
C-7 37.29 33.82 
C-8 30.82 31.03 
C-9 47.81 42.09 
C-10 42.42 45.36 
C-11 20.20 21.35 
C-12 28.17 28.15 
13: 
C-13 
C-14 
C-15 
C-16 
C-17 
C-18 
C-19 
C-20 
C-21 
C-22 
C-23 
C-24 
C-25 
C-26 
C-21 
42.68 
55.31 
24.02 
39.68 
56.12 
12.20 
20.07 
35.76 
18.66 
36.15 
23.81 
39.51 
28.00 
22.55 
22.81 
42.57 
55.99 
24.01 
39.79 
56.02 
11.89 
19.61 
35.68 
18.61 
36.09 
23.80 
39.46 
27.99 
22.55 
22.80 
Experimental 
5y66-Dibromo-5a~cholestane (XVII) : 
To a solution of cholest-5-ene (3.5 g) in ether (25 ml) 
was added gradually bromine solution (2.4 g in glacial acetic 
acid 25 ml containing anhydrous sodium acetate 250 mg) with 
stirring. The solution turned yellow and promptly set to a 
paste of the dibromide. The mixture was cooled to 20°C and 
stirred with a glass rod for 5 min, to ensure complete crysta-
llization. The product was then collected by filteration under 
suction and washed with cold ether-acetic acid (3:7) mixture 
until the filterate was completely colorless, and recrystaili-
zed from acetone (3.4 g) m.p. Ill (reported , m.p. 110-111°). 
It gave a positive Beilstein's test. 
Analysis found : C, 61.14; H, 8.67 
^27^46^"^2 ^eq^i^^s : C, 61.13; H, 8.68%. 
^ '' >^ max 310 ^ im. 
IR : j}^^^ 1475 cm"-*- (-CH^ - bending), 
NMR : d 4.88 dd(C6-aH, J = 4.5 and 2 cps), 1.4 s(C10-CH2); 
0.91 d(C20-CH3); 0.87, 0.85 d(C25-2xCH3); 0.70 s 
(CI3-CH3). 
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-'••^ C-NMR : d 93 .25 (C-5) , 57 .28 (C-6 ) , 4 7 . 8 1 ( C - 9 ) , 42.42 
(C-10) , 37 .95 (C-1 ) , 37 .29 ( C - 7 ) . 
Mass : Mt 528/530/532 (1:2:1). 
5.6a-Dibronio-5B-coprostane (XVIII) : 
General Procedure : To a stirring solution of 5,6p-dibroino-
5a-cholestane (XVII) (1 g, 0.0189 m mol) in dry benzene (20 ml) 
was added succinimide (1.134 g, 0.1134 m mol) in portions over 
a period of half an hour under anhydrous conditions. After 
complete addition, the reaction mixture was kept for 3 days at 
room temperature. The reaction mixture was washed with water, 
sodium bicarbonate solution (5^), again with water and dried 
over anhydrous sodium sulphate. The solvent was removed under 
reduced pressure, and the residue was crystallized from chloro-
form with traces of methanol to yield prism shaped crystals 
(0.95 g), m.p. 147° (reported•'•^ , m.p. 146-147°). Compound 
(XVIII) gave a positive Beilstein's test. 
Analysis found : C, 61.14; H, 8.69 
2^7^ 46^ •'^ 2 ^ ^q^i^^s : C, 61.13; H, 8.68?^ . 
UV : A 300 ^ im. 
max 
IR : i>^^^ 1450 (-CH2-bending), 705-750 cm"-'" (C-Br, 
equatorial) 
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•••H-NMR : 5 4 .99 dd(C6-pH, J=12 .5 and 5 c p s ) ; 1.17 sCClO-CH^); 
0 .90 s(C20-CH3); 0 . 8 7 5 , 0 .845 5 ( 0 2 5 - 2 x ^ 3 ) ; 0 .64 s 
(CI3-CH3). 
^^ C-NMR : d 86.84 (C-5), 64.30 (C-6), 45.36 (C-IO), 42.09 
(C-9), 41.34 (C-1), 33.82 (C-7). 
Mass : Mt 528/530/532 (1:2:1). 
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CHAPTER-m 
SYNTHESIS OF 
STEROIDAL OXATFHOLANES 
Theoretical 
Many cyc l ic ethylene (1,3-Oxathiolane) and tr imethylene 
(1,3-oxathiane) hemithioketals were prepared from the i r r e s -
pect ive s t e r o i d a l and non-s te ro ida l ketones by employing 
e i the r azeotropic d i s t i l l a t i o n or an exchange method with the 
corresponding hemithioketal of acetone and continuous removal 
of acetone. Djerass i and coworkers showed p-mercaptoethanol 
r eac t s r ead i ly in the presence of zinc ch lo r ide with unconju-
gated carbonyl group to y i e ld the corresponding cycl ic e t h y l -
ene hemi th ioke ta l s . Thus androstan-17p-ol-3-one-17-aceta te 
( I ) , e t iocholan-17^-ol -3-one-17-ace ta te ( i l l ) , estrone (V), 
estrone ace ta t e (VII) , 3p-acetoxyandrost-5-en-17-one (IX), 
al lopregnan-3p-ol-20-one and i t s 3p-yl ace t a t e (XI and XIII) 
as well as A -pregnen-3p-ol-20-one and i t s 3p-yl ace ta te (XV 
and XVII) furnished corresponding cyclic hemithioketals ( I I , 
IV, VI, V I I I , X, XII , XIV, XVI and XVIII) . 
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QAc 
(I) 5a-H 
(III)5^-H 
[ SH OH 
ZnCl. 
(II) 5a-H 
(IV) 5p-H 
(V) 
(VII) 
R 
OH 
OAc 
(VI) 
(VIII) 
R^ 
OH 
OAc 
AcO AcO 
(IX) (X) 
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(XI) 
(XIII) 
R 
OH 
OAc 
pSH 
'-OH 
ZnCl. 
(XII) 
(XIV) 
R 
OH 
OAc 
(XV) 
(XVII) 
OH 
OAc 
« ) 
t > 
(XVI) 
(XVIII) 
0 ^ 
R 
OH 
OAc 
It has been reported that a,^-unsaturated carbonyl group 
does not react with p-mercaptoethanol in presence of zinc chlo-
ride but a saturated carbonyl group reacts selectively, e.g. 
androst-4-en-3,17-dione (XIX) afforded the corresponding 
17-ethylene hemithioketal (XX). 
142 
(XIX) (XX) 
a,^-Unsaturated ketones reacted with p-mercaptoethanol 
in presence of p-toluenesulphonic acid. Testosterone and its 
acetate (XXI and XXIII) were converted to their 3-ethylene-
hemithioketals (XXII and XXIV) in low yield ( 20%). Compound 
(XIX) provided 3,17-bis€thylenehemithioketal (XXV) under 
similar reaction conditions. 
SH 
•-OH 
p-TsOH 
(XXI) 
(XXIII) 
R 
OH 
OAc 
(XXII) 
(XXIV) 
R 
OH 
OAc 
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(XIX) 
•SH 
•OH 
p-TsOH 
(XXV) 
In presence of piperidine, p-mercaptoethanol undergoes 
1,4-addition with a sterically unhindered a,p-unsaturated 
carbonyl group. Pregna-5, l6-dien-3p-ol-20-one-3-acetate 
(XXVI) and pregna-4,16-dien-3,20-dione (XXVIII) gave their 
respective l6p-hydroxyethylenemercapto derivatives (XXVII, 
XXIX) in quantitatively good yields. 
(XXVI) (XXVII) 
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(XXVIII) (XXIX) 
D j e r a s s i and Gormann showed t h a t 2 2 a - s p i r o - 4 , 7 - d i e n -
3-one (XXX) with j3-mercaptoethanol in t h e p r e sence of p - t o lu -
enesu lphonic ac id fu rn i shed (XXXI) in about 20% y i e l d . 
(XXX) (XXXI) 
2 
A number of hemithioketals were also obtained by reflux 
ing the ketones with p-mercaptoethanol in dry benzene using 
p-toluenesulphonic acid as catalyst. This method serves very 
satisfactorily for the ethylenehemithioketals of saturated 
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ke tones (XXXII, XXXIV, XXXVI and IX) but u n s a t u r a t e d ke tones 
l i k e A'^-a-keto s t e r o i d s (XXI, XXXVIII and XL) gave the 
d e s i r e d p r o d u c t s in only mediocre y i e l d s . 
AcO 
(XXXII) 
r-SH 
LOH 
p-TsOH 
r\ 
S 0 
(XXXIV) (XXXV) 
(XXXVII) 
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AcO 
, -SH 
OH 
p-TsOH 
( IX) (X) 
(XXI) 
OH 
« f 
(XXII) 
(XXXVIII) (XXXIX) 
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(XL) 
p-TsOH 
(XLI) 
C o n d e n s a t i o n of k e t o n e s (XXXVI, IX, XXXIV, XLV) w i t h 
Y - m e r c a p t o p r o p a n o l i n b e n z e n e f u r n i s h e d t x i m e t h y l e n e h e m i t h i o -
k e t a l s ( X L I I , X L I I I , XLIV and XLVI) i n t h e p r e s e n c e of 
p - t o l u e n e s u l p h o n i c a c i d . 
H 
SH OH 
p-TsOH 
(XXXVI) ( X L I I ) 
S 0 
(IX) (XLIII) 
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p-TsOH 
S 0 
(XXXIV) (XLIV) 
(XLV) (XLVI) 
F i e s e r p r e p a r e d h e m i t h i o k e t a l (XLVII I ) f rom c h o l e s t - 5 -
e n - 3 - o n e ( X L V I l ) , u s i n g p - m e r c a p t o e t h a n o l and B F ^ - e t h e r a t e as 
a c a t a l y s t . 
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-SH 
•-OH 
BF^-Etherate 
(XLVII) (XLVIII) 
/ N 4 
Dehydrocholic acid (XLIX; was converted into dehydro-
cholic acid trihemithioethylene ketal (L) by using p-mercapto-
ethanol and p-toluenesulphonic acid. 
COOH 
(XLIX) (L) 
Eliet et al. reported two diastereoisomeric hemithio-
ketals (LI and LII) prepared from cholestanone (XXXII) using 
p-mercaptoethanol in dry benzene, contrary to the previous 
2 
results oDtained, 
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CgHj_y 
V S 
(XXXII) (LI) (LID 
Karmas obtained two diastereoisomeric products (LIII 
and LIV) from 5a-dihydrotestosterone acetate (l) using 
p-mercaptoethanol and p-toluenesulphonic acid. 
(I) 
OAc 
^SH 
L-OH 
p-TsOH S 
(LIII) (LIV) 
Cooper et a l . reported the preparat ion of four isomeric 
products from the reac t ion of 4-hydroxycholest-4-en-3-one (LV) 
with 2-mercaptoethanol. Two i so l ab l e products among these 
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four isomers, in A-ring conf igura t ions were shown to have 
s t ruc tu res (LVIII and LIX). 
[ SH OH 
->- (LVI) + ( L V I I ) + 
+ 
(LIX) 
Discussion 
Q 
We wish to repor t previous work , done in our laboratory 
with regard to the prepara t ion of s t e r o i d a l ethylene hemithio-
ke ta l s from t h e i r r e spec t ive ketones, in order to provide a 
c l ea r guide l ine for the i d e n t i f i c a t i o n and cha rac te r i za t ion of 
some new compounds in fu r the r extension of t h i s work. Especia-
l l y stereochemical aspects were discussed to e s tab l i sh exact 
configurat ions for the isomers, formed as a r e s u l t of the 
reac t ion , with the help of reagent [Tris(Dipivalomethantoeuro-
pium ( I I I ) ] used in NMR spectroscopy and c i r c u l a r dichroism 
studies as we l l . 
5a-Cholestan-6-one (LX), 3P-acetoxy--5a-cholestan-6-one 
(LKIII), 3p-chloro-5a-choles tan-6-one (LXVI), and 3p-hydroxy-
5a-cholestan-6-one (LXIX) were t r ea ted with p-mercaptoethanol 
in presence of BF^-etherate (as c a t a l y s t ) in the usual manner 
to furnish t h e i r isomeric hemithioketals such as 6p-oxy-6a-
thiodimethylene-5a-cholestane (LXI) and 6a-oxy-6p-thiodimethyl-
ene-5a-cholestane (LXII), 3p-acetoxy-6p-oxy-6a-thiodimethylene-
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5a-cholestane (LXIV) and 3p-acetoxy-6a-oxy-6p-thiodimethylene-
5a-cholestane (LXV), 3p-chloro-6p-oxy-6a-thiodimethylene-5a-
cholestane (LXVII) and 3p-chloro-6a-oxy-6P-thiodimethylene-ba-
cholestane (LXVIII), and 3p-hydroxy-6P-oxy-6a-thiodimethylene-
5a-cholestane (LXX) and 3p-hydroxy-6a-oxy-6P-thiodimethylene-
5a-cholestane (LXXI) respectively. 
(LX) 
(LXII l ) 
(LXVI) 
(LXIX) 
R 
H 
OAc 
CI 
OH 
R R 
(LXI) H (LXII) H 
(LXIV) OAc (LXV) OAc 
(LXVII) CI (LXVIII) CI 
(D(X) OH (LXXI) OH 
IR, NMR and Mass spectral values are given, in taole-I, 
for structural assignment of different functionalities present 
in the at)ove mentioned hemithioketals. 
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Hemithioketals gave positive sodium nitroprusside test 
for sulphur and positive Beilstein's test for halogen. 
To make a clear distinction oetween diastereomeric hemi-
thioketals by establishing their configurations, some more 
relevant studies were needed to provide stereochemical eviden-
ces. Configuration for a hemithioketal ring containing comp-
o 
ound can be established by using shift reagent [EUCDPM)^] . On 
adding shift reagent to a hemithioketal ring containing comp-
ound, the methylene protons attached to oxygen atom (0-CH„) 
showed a downfield shift in the NMR spectrum provided C-0 
bonding to be equatorial. Since sulphur atom having the same 
electronegativity as carbon atom, does not associate with the 
shift reagent. When both internal and external TMS are used 
as standards, a diamagnetically induced shift of some NA/E 
signals, such as those of the internal TMS and of proton dis-
tant from the site of association, becomes apparent. The 
signals of protons, close to the Pseudocontact positions, are 
paramagnetically shifted. Upfield shifts induced by EUCDPM),, 
were attributed to the Pseudocontact . The diamagnetic shifts 
mainly due to change in bulk susceptibility by the added euro-
pium complex, which shifted the signal of internal TMS upfield 
with equal or greater than those of the protons which are 
located far from the site of association. On comparing spectral 
data which are tabulated in table-II, it is possible to conclude 
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that compound (LXIl) where oxygen atom having Pseudoequatorial 
position, associates with the shift reagent, the down field 
shift of -0-CH^ protons is noted, whereas, for compound (LXI), 
-OCHp grouping of hemithioketal ring at C6 is axial in orienta-
tion. 
In the NMR spectra of the hemithioketals (LXI - LXXI), the 
difference in splitting pattern for the peaks of 0-CH„ and S-CH^ 
protons may be taken into account. Two methylene protons atta-
ched with axially oriented oxygen assumed to be magnetically 
non-equivalent, gave rise to two distorted triplets and a 
double doublet for compound (LXI). The distortion may be attri-
Duted to long-range coupling with S-CH2 (magnetically equivalent) 
protons, and also due to non-planar structure of oxathiolane 
ring which results in the interaction between the axial oxygen 
and ClO-CH^ group. A double doublet for S-CH2 protons results 
by the splitting with pseudoaxial and pseudoequatorial protons 
of O-CH^ moiety. For isomer (LXII) equatorially oriented 0-CH^ ^ 
having almost magnetically equivalent protons as for S-CH^ pro-
tons gave rise to two triplets for both. The distortion in 
triplet of -O-CH2 protons at d 4.03, might be considered due to 
long range coupling. 
A significant change may be visualized in CD spectra of 
the isomeric hemithioketals (LXI and LXII). The compound (LXI) 
showed negative cotton effect and CD maxima at 250 nm([G]=-138l) 
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whereas (LXII) exhibited positive cotton effect and CD maxima 
at 241 nm ([9] = +3172). The difference in environment of the 
sulphur atom in (LXI) (sulphur equatorial) and (LXIl) (sulphur 
axial) " possibly resulted in different chiral forms having 
significant effects. 
The validity of the above explanations is plausible to 
account for the difference in behaviour of other isomeric hemi-
thioketals (LXIV - LXV, UCVII - UCVIII and LXX - LXXI) on the 
basis of NMR and CD spectral data as illustrated in table-I, 
The mass fragmentation of the hemithioketals (LXI - LXII, 
LXIV - LXV and LXVII - LXVIII) to their parent ketones were 
shown as follows : 
(LXI) 
(LXII) 
(LXIV) 
(LXV) 
(LXVII) 
(Lxviii; 
R 
H 
H 
OAc 
OAc 
CI 
CI 
m/z 
446 
446 
504 
504 
480/482 
480/482 
R m/z 
(LX) H 386 
(LXIII) OAc 444 
(LXVI) CI 420/422 
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The ratio of formation of molecular ion to its ketonic ion, 
as given in table-Ill, suggested an easy removal of CH^CH„S 
from hemithioketal molecular ion where S is axial, due to 
1,3-diaxial interaction between ClO-CH-^  and S. 
Table-Ill 
Molecular ion Ketonic ion 
1:3.12 
1:4.5 
S D 
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1:4 
AcO 
1:5 .8 
1 :3 .8 t f 
In cont inuat ion with t h i s work, we repor t some new com-
pounds in t h i s sequel . From 5a-choles tane-3 ,6-dione and 
5-hyaroxy-5a-cholestane-3,6-dione (LXXII and LXXVII), more than 
two products were formed, as a r e s u l t of r eac t ion at two oiff-
erent s i t e s (>C=0). ba-Cholestane-3,6-dione (LXXII) furnished 
four dias tereomeric products (LXXIII, LXXIV, LXXV and LXXVI), 
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whereas from 5 - h y d r o x y - 5 a - c h o l e s t a n e - 3 , 6 - c i i o n e (LXXVII), two 
compounds (LXXVIII and LXXIX) were i s o l a t e d . 
Reac t ion of 5 a - c h o l e s t a n e - - 3 , 6 - d i o n e (LXXII) wi th g-mercapto-
e t h a n o l : 
5a -Choles tane -3 ,6 - -d ione (LXXII) was al lowed to r e a c t with 
p -mercap toe thano l in a c e t i c ac id using I F ^ - e t h e r a t e as a c a t a -
12 l y s t . When t h e r e a c t i o n was over , t h e r e a c t i o n mixture was 
worked up in t h e usua l manner, chromatographed over s i l i c a - g e l 
t o p rov ide four p r o d u c t s , m.p . 136 , n o n - c r y s t a l l i z a b l e o i l , 
155° and 165° . 
CgH;^ ? 
pSH 
LoH 
B | - E t h e r a t e 
.0 H 
(LXXII) (LXXIII) 
(LXXV) (LXXVI) (LXXIV) 
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Characterization of compounds, m.p. 136 as 3g-oxv-3a-thiodi-
methvlene-5a-cholestan-6-one (LXXIII). oil as 3a-oxv-3g-thio-
dimethvlene-5a-cholestan-6-one (LXXIV). m.p. 165 as bis-3.6-
(g-oxy-a-thiodimethylene)-5a-cholestane (LXXV) and m.p. 155'^  
as bis-3.6-(a~oxv-B-thiodimethYlene)-5a-cholestane (LXXVl) : 
The mass spectra of compounds with, m.p. 136 (LXXIII) and 
the oil (LXXIV) gave molecular ion peaks at m/z 460 and both of 
these analysed for C^gH^gO^S (positive sodium nitroprusside test 
for sulphur). Compounds (m.p, 136 and the oil), showing same 
composition, regarded to be isomeric in nature and on fragnenta-
tion gave ketonic ion peak at m/z 400. IR spectrum of the com-
pound (LXXIII) showed bands at 1710 (C=0 at C6), 1225 
(-S-CH2)^ '^-'-'^ , 1150, 1090 cm"-^  (C-0 linkage of oxathiolane 
15 —1 
ring) . A prominent band at 1065 cm" occured for oxathiolane 
>C< J grouping. IR bands for the (LXXIV) were observed at 
1710 (C=0 at C6), 1220, 1210 (-S-CH ), 1155, 1095 cm""'' (C-0 
^ S 
linkage of oxathiolane), and a sharp peak for >C< j at 
-1 0
1070 cm . The NMR spectrum of compound (LXXIII) provided a 
triplet at d 4.22 integrating for two protons (pseudoequatorial 
and pseudoaxial) of -O-CHg moiety. Another triplet appeared 
downfield at d 3.05, integrating for two protons, can be assigned 
for -S-CH2 protons. Methyl signals were appeared at d 0.98 
(CIO-CH3), 0.69 (CI3-CH3), 0.85 and 0.80 (other methyl protons). 
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The NMH spectrum of the (LXXIV) exhibited a splitted triplet 
at d 4.1 integrating for two protons ascribed to ~0-CH„ protons 
(magnetically unequivalent). A clear triplet at d 3.03 inte-
grating for two protons was observed for -S-CH^ protons (magne-
tically equivalent). Methyl signals were obtained at d 0.97 
(CIO-CH3), 0.67 (CI3-CH3), 0.80 and 0.76 (other methyl protons) 
On the basis of the above spectral evidences, compounds 
m.p. 136° (LXXIII) and the oil (LXXIV), were characterized as 
3p-oxy-3a-thiodimethylene-5a-cholestan-6-one and 3a-oxy-3p-
thiodimethylene-5a-cholestan-6-one respectively. Mass spectra 
also accounted for their isomeric nature. Molecular ion and 
diketonic ion fragments are shown as below : 
m/z 460 (MI) ,4-
m /z 460 (M.; 
m/z 400 
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For compounds, m.p. 165° (LXXV) and 155° (LXXVI), mole-
cular ion peaks were observed at m/z 520 and analysed for 
C^ ,Hp^ 2'^ 2^ 2 ^positive sodium nitroprusside test). Fragmentation 
of both compounds in the mass spectra may be visualized for 
3-oxathiolane-6-ketonic ion and 3,6-diketonic ion at m/z 460 
and 400 respectively. Molecular composition of both compounds 
suggested their isomeric nature. IR spectrum of the compound 
(DCXV) exhibited strong bands at 1225, 1220 (-S-CH2), 1150 (C-0 
linkage of oxathiolane ring) and 1070 cm" (oxathiolane ring). 
IR spectrum of compound (LXXVI) showed bands at 1220 (-S-CH ), 
1155 (C-0 of oxathiolane ring) and 1070 cm" (oxathiolane ring), 
The NMR spectrum of compound (LXXV) showed a clear triplet at 
d 4.15 integrating for four protons of two 0-CH„ moieties. A 
double doublet appeared upfield at d 2.92 integrating for four 
protons attached to sulphur atoms of two oxathiolane ring. The 
signals for methyl protons appeared at d 0.98 (ClO-CH^), 0.67 
(CI3-CH3), 0.93 and 0.82 (other methyl protons). The NMR spec-
trum of compound (LXXVI) displayed signals at 6 4.13 and 2.96 
as distorted triplets each integrating for four protons of two 
O-CH^ and two S-CH^ moieties. Methyl signals were obtained at 
a 0.97 (CIO-CH3), 0.71 (CI3-CH3), 0.92, 0.73 (other methyl 
protons). Mass spectral data also suggested the compounds 
(LXXV and LXXVI) to be diastereomers of each other. Mass frag-
mentation of these diastereomers provided 3-oxathiolane-6-keto-
nic ion and 3,6-diketonic ion peaks at m/z 460 and 400 respecti-
vely, as shown below : 
: 166 : 
m/z 520(M"!"; m/z 520(Mt; 
m/z 460 
0 
m/z 460 
m/z 400 
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A clear distinction is made on the basis of CD data for 
these isomeric compounds (LXXV and LXXVI). Compound (LXXV) 
showed a negative Cotton effect curve and CD maxima at 253 nm 
(i_9] = -859) while the (LXXVI) exhibited a positive Cotton 
effect curve with CD maxima at 247 nm ([©] = +967). On compar-
ing Cotton effects of the above two isomers, it was inferred 
that sulphur atom is equatorially oriented in compound (LXXV) 
where the isomer (LXXVI) has the sulphur atom in axial posi-
tion . On the basis of above spectral assignments, the 
compounds characterized with m.p. 165° (LXXV) as bis-3,6-(p-
oxy-a-thiodimethylene]-5a-cholestane and with m.p. 155° (LXXVI) 
as bis-3,6-(a-oxy-p-thiodimethylene)-5a-cholestane. 
Reaction of 5-hvdroxv-5a-cholestane-3.6-dione (LXXVII) with 
3-mercaptoethanol ; 
5-Hydroxy-5a-cholestane-3,6-dione (LXXVII) reacted with 
p-mercaptoethanol in presence of BF^-etherate in the usual 
manner. Two compounds with m.p. 135° and 158° were isolated 
after the usual work up and column chromatography over silica 
gel. 
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OH 
0 
(LXXVII) 
^8^17 
r-SH 
LoH 
BF3-Ethera te 
(DCXVIIIa) 
CLXXVIIIb) 
+ 
(LXXIXb; (LXXIXa; 
C h a r a c t e r i z a t i o n of compounds wi th . m.p, 135 as Sg-oxy-Ga-
th iod ime thYlene -5 -hYdroxv-5a -cho l e s t an -6 -one (LXXVlIIa) and 
m.p. 158° as b i s - 3 . 6 - ( 6 - o x v - a - t h i o d i m e t h v l e n e ) - 5 - h v d r o x v - 5 a -
c h o l e s t a n e (LXXlXa) : 
The mass spectrum of compound wi th m.p. 135° (LXXVlIIa) 
showed a molecu la r ion peak a t m/z 476 co r r e spond ing t o a mole-
c u l a r compos i t ion of C^QH^QO^S ( p o s i t i v e sodium n i t r o p r u s s i d e 
t e s t fo r s u l p h u r ) , and i t s k e t o n i c ion peak a t m/z 416. In 
the IR spectrum of compound (LXXVlIIa), bands appeared a t 3440 
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(0-H), 1720 (>C=0 at C6), 1225 (-S-CH2), 1145 (C-0) and 
1055 cm~ (oxathiolane r i n g ) . NMR spectrum of (LXXVIIIa) 
exhlDited a t r i p l e t at d 4 .18 , i n t eg ra t ing for two protons 
assigned to -0-CH„ protons . A t r i p l e t at d 3.05 in tegra t ing 
for two protons can be ascribed t o -S-CH^ pro tons . Methyl 
s ignals were obtained at d 0.93 (ClO-CH^), 0.58 (CIS-CH^), 
0.83 and 0,76 (other methyl p ro tons ) . On the basis of the 
above s p e c t r a l assignments and a comparison with previous 
r e s u l t s obtained, compound (LXXVIIIa) may be character ized as 
3p-oxy-3a-thiodimethylene-5-hydroxy-5a-cholestan-6-one. 
S t ruc tu r a l r ep resen ta t ion for molecular ion and the ketonic 
ion peaks of (LXXVIIIa) i s shown below : 
+ 0 ^ 
m/z 476 (Mt) m/z 416 
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The mass spectrum for compound with m.p. 158 (LXXIXa) 
exhibited a molecular ion peak at m/z 536 corresponding to a 
molecular composition of C^iH^^^OoS^ (positive sodium nitro-
prusside test) and its 3-oxathiolane-6-ketonic ion peak at m/z 
476. In the IR spectrum bands appeared at 35CX) (O-H), 1220 
(S-CH2), 1145 (C-0) and 1055 cm"''- (oxathiolane ring). The NMR 
spectrum showed a distorted triplet at C 4.22 integrating for 
four protons of two O-CH^ moieties. Two distorted triplets at 
d 3.05 and 2.8 each integrating for two protons can be assigned 
to four protons attached to sulphur atom. The distortion in 
peaks may be attributed to long-range coupling and coupling of 
S-CH^ protons with pseudoequatorial and pseudoaxial protons of 
-O-CH2 moieties. Methyl signals were appeared at d 1.06(C10-CH^), 
0.66 (CI3-CH2), 0.91 and 0.78 (other methyl protons). Compound 
(LXXIXa) may be depicted as bis-3,6-(p-oxy-a-thiodimethylene)-
5-hydroxy-5a-cholestane, in view of above spectral properties 
and pattern of peaks obtained as compared to the previous results. 
Molecular ion and 3-oxathiolane-5-hydroxy-5a-cholestan-6-ketonic 
ion can be represented as follows: 
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m, / z 536(M. ) m/z 476 
Experimental 
3g-Acetoxv-5--bromo-5a-cholestan-6-one : 
To a solution of 3p-acetoxy-5a-cholestan-6-one (2 g) in 
acetic acid (5 ml) and ether (18 ml), bromine solution (1.1 g 
bromine in 22 ml acetic acid) was added with shaking during 
1 hr. at o'^ . Few drops of hydrobromic acid was added to cata-
lyse the reaction. The bromo compound thus precipitated out 
was filtered and recrystallized from chloroform - ether (1.2 g) 
m.p, 162-64° (reported-"-*^ , m.p. 163-64°). 
3g-Acetoxycholest-4-en-6-one : 
A solution of 3p-acetoxy-5-bromo-5a-cholestan-6-one (2 g) 
and pyridine (20 ml) was heated under reflux for 8 hrs. under 
anhydrous conditions. The reaction mixture was poured into 
ice-cold water, acidified with dilute hydrochloric acid and 
extracted with ether. The ethereal solution was washed success-
ively with water, sodium bicarbonate solution (10?^ ) and water 
and dried over anhydrous sodium sulphate. Removal of the 
solvent provided an oil which was crystallized from methanol to 
obtain ketone (1,5 g), m.p. 107-109° (reported , m.p, 110°). 
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5a-Cholestane-3.6-cllone (LXXIIJ : 
A mixture of 3p-acetoxycholest-4-en-6-one ^1 g j , potassium 
hydroxide in methanol {,4%, 3 ml) was heated under ref lux for 1 
h r . Half of the alcohol was removed under reduced pressure , 
when the dione (LXXII) s t a r t e d c r y s t a l l i z i n g out . The solid was 
f i l t e r e d under suct ion, washed severa l times with water, a i r 
dried and r e c r y s t a l l i z e d from ethanol (.750 mg,), m.p. 168° 
^reported , m.p. 169°j . 
ba-Choles tane-3B.5.6B-t r io l : 
A suspension of 20 g cho l e s t e ro l in 2CX) ml of 88% formic 
acid was heated to 70-80 with s t i r r i n g for 5 min. to form a 
de r iva t i ve t h a t i s evident ly the 3-formate, which separated as 
an oi ly layer , and cooled to 25° . The r e s u l t i n g thick paste of 
so l id i f i ed formate was t r ea t ed with 20 ml of 30% ^9^2 ^^'^ 
shaken occas iona l ly . The temperature usual ly ra i sed to 35-40 , 
sometimes the re was an even more pronounced heat effect and in 
t h i s case t he temperature was control led t o 40 by cooling. 
After 45 min. the so l id d isso lved , the foam subsided, and a blue 
f luorescent so lu t ion r e su l t ed , but the temperature remained a 
few degrees above t h a t of room temperature for about 4 hrs 
longer . After a t o t a l r eac t ion time of 6-15 h r s . , the mixture 
was t r ea ted with 300 ml of bo i l ing water, s t i r r e d , allowed to 
cool , and the granular white so l id co l l ec t ed , dried super f i c i a l ly 
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dissolved in 600 ml of methanol, and the solution was treated 
with 20 ml of 25% sodium hydroxide, warmed on steam bath for 
10 min., filtered, acidified and diluted with 200 ml water. 
The white solid that precipitated was collected after cooling, 
washed well with water and thoroughly dried. The triol so 
obtained was of high purity (19,7 g, 91^), Crystallization from 
methanol gave needles, m.p, 238-239° (reported , m.p, 237-239°), 
5a-Cholestane-3B,5-diol-6-one : 
A one litre separating funnel was charged with 23 g of 
cholestane-3p,5a,6p-triol, 450 ml ether, 75 ml methanol, 75 ml 
of water and 10.8 g (1,05 eqvts.) of N-bromosuccinimide and 
shaken. Oxidation was over in a few minutes and gave an orange-
yellow solution. On addition of water, the color becomes 
lighter and the bulk of the diolone separated from the organic 
phase as colorless, shiny needles. The water phase was tapped 
off and the suspension in ether washed with sodium sulphite 
solution, with alkali and with water. The layer was then collec-
ted on a Buchner funnel and washed with ether to give first 
crop 19 g, m,p. 232-233 , successive concentration of mother 
liquor gave 3 g additional compound. Yield 22 g, m,p, and 
m.m.p, 233° (reported"^^, m,p. 232-233°). 
17b 
5-Hvciroxy-5tt-cholestane~3.6-dione (LXXVII) : 
On addition of dichromate to a solution of 1,68 g of the 
cholestane-3p,5a-diol-6-one in 10 ml of acetic acid, cooled to 
30 , the product soon separated to give a thick paste. Water 
was added, 1.60 g of the product (m.p. 220 ) was collected and 
crystallized from 40 ml of acetic acid and then from 190 ml of 
ethanol (1.04 g), m.p. 231° (reported""-^ , m.p. 232°). 
Reaction of 5a-cholestane-3«6-dione (LXXII) with 0-mercapto-
ethanol t 33-oxv-3a-thiodimethvlene-5a-cholestan-6-one (LXXIIIJ. 
3a-oxv-3g-thiodimethylene-5a-cholestan-6-one (LXXIV). bis-3.6-
(g-oxv-a-thiodimethvlene)-5a-cholestane (LXXV) and bis-3.6-(a-
oxY~p--thiodimethvlene)-5a--cholestane (LXXVl) : 
A solution of 5a-cholestane-3,6-dione (LXXIl) (5.0 g) in 
acetic acid (200 ml) was treated with p-mercaptoethanol (10 ml) 
and BF3-etherate (3 ml) and the reaction mixture was 
allowed to stand at room temperature for 1 hr. On completion 
of the reaction, methanol (25 ml) was added to it, the resul-
tant solution thus obtained was poured into water and extracted 
with ether. The ethereal layer was washed successively with 
water, sodium bicarbonate solution ib%) and water and dried over 
anhydrous sodium sulphate. The solvent was distilled off under 
reduced pressure to yield an oily product which was chromato-
: 176 : 
graphed over s i l i c a gel (100 g ) , Elution with l i gh t petroleum 
e ther (10:1) yielded (LXXIII) ( l . b g) which was c rys t a l l i z ed 
from l igh t petroleum, m.p. 136 , p o s i t i v e sodium ni t ropruss ide 
t e s t . 
Analysis found : C, 75.65; H, 10.43 
^29^48^^ requires : C, 75.66; H, 10.44%. 
IR : ;) (>C=0), 1225 (-S-CH^), 1150, 1090 (C-0 linkage 
of oxathiolane ring), 1065 cm" (oxathiolane ring), 
NMR : d 4.22 (t, -O-CH2), 3.05 (t, -S-CH2), 0.98 (CIO-CH3), 
0.69 (CI3-CH2), 0.85 and 0.80 (other methyl protons). 
Mass : MT 460 (.C^gH^QO^S), m/z 400 (C^jH^^O^) ^ 
Further elution with petroleum ether : ether (8:1) gave 
the compound (LXXV) recrystallized from light petroleum (1.2 g) 
m.p. 165°, 
Analysis found : C, 71.53; H, 10.1 
^31^52^2^2 J^ eq^ i^ s^ : C, 71.54; H, 10.0% 
IR : })jjjgj^  1225, 1220 (-S-CH2), 1150 (C-0 linkage of oxathio-
lane ring), 1070 cm" (oxathiolane ring). 
NMR : d 4.15 (t, 2X-O-CH2), 2.92 (dd, 2X-S-CH2), 0.98 
(CIO-CH3), 0.67 (CI3-CH3), 0.93 and 0.82 (other 
methyl protons). 
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Mass : Mt 520 iC^^H^^O^S^), m/z 460 (C29H4802^ »^ ^ °^ 
(C^^H^^O^). 
CD : A„ ^ 253 nm [8] = -859). max 
Further elution with petroleum ether : ether (5:1) furni-
shed the oil (LXXIV), which failed to crystallize (0.8 g). 
Analysis found ; C, 75.65; H, 10.43 
2^9^ 48'^ 2^  requires : C, 75.66; H, 10.44%. 
IR : i^ 1710 (>C=0), 1220, 1210 (-S-CH^), 1155, 1095 
(C-0 linkage of oxathiolane ring), 1070 cm" (oxa-
thiolane moiety). 
NMR : d 4.1 (t, -O-CH2), 3.03 (t, -S-CH2), 0.97 (CIO-CH3), 
0.67 (CI3-CH3), 0.80 and 0.76 (other methyl protons). 
Mass : MT 460 (C29H48^ 2^ »^ '"/^  "^^ (C27"44^2^-
Further elution with petroleum ether : ether (4:1) provi-
ded the compound (LXXVI), recrystallized from light petroleum 
(0.6 g), m.p. 155°, 
Analysis found : C, 71.53; H, 10.1 
3^l'^ 52°2^ 2 ^ eq^i^®s i C, 71.54; H, 10.0?i. 
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IR : 7>^^^ 1220 (-S-CH^), 1155 (C-0 of oxathiolane ring), 
and 1070 cm" (oxathiolane ring). 
NMR : d 4.13 (t, 2X-O-CH2), 2.96 (t, 2X-S-CH2), 0.97(010-^3), 
0.71 (Cia-CH^), 0.92 and 0.73 (other methyl protons). 
Mass : Mt 520 i^^^H^^O^S^), m/z 460 (C^^H^gO^S), 400 
'^-'27^ 44^ 2^  • 
CD 5 \i X ^^^ ""^  ^ '•®-' ^  +^67) 
Reaction of 5-hvdroxY-5tt-cholestane--3.6-dione (LXXVII) with 
i3-mercaptoethanol ; 3B-QxY-3a~thiodimethvlene-5-hYdroxv-5a-
cholestane-6-one (LXXVIIIa) and bis-3.6-(B-•oxv-a-thiodi-
methylene)-5-hvd^oxv-5a^-cholestane (PCXIXa) : 
A solution of 5-hydroxy-5a-cholestane-3,6-dione (LXXVII) 
(4.0 g) in acetic acid (120 ml) was treated with ^-mercapto-
ethanol (4 ml) and borontrifluoride etherate (2 ml) and the 
reaction mixture was allowed to stand at room temperature for 
2 hrs. On completion of the reaction, methanol (20 ml) was 
added to it, the resultant solution thus obtained was poured 
into water and extracted with ether. The ethereal layer was 
washed successively with water, sodium bicarbonate solution {b%) 
and water and dried over anhydrous sodium sulphate. The solvent 
was distilled off under reduced pressure to yield an oily pro-
duct which was chromatographed over silica gel (80 g). Elution 
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with light petroelum : ether (15:l) yielded (LXXVIIIa) (2.0 g), 
which was recrystallized from methanol, m.p. 135°, 
Analysis found : C, 71.10; H, 10.10 
C^gH^QO^S requires : C, 71,11; H, 10.09%. 
IR : >L „ 3440 (-0-H), 1720 (>C=0), 1225 (-S-CH^), 1145 
(C-O of oxathiolane ring), 1055 cm" (oxathiolane 
moiety). 
NMR : d 4.18 (t, -O-CH2), 3.05 (t, -S-CH^), 0.93 (CIO-CH3), 
0.58 (CIS-CH^), 0.83 and 0.76 (other methyl protons). 
Mass : Mt 476 (C29H^g03S), m/z 416 (C27H^403). 
Further elution with light petroleum : ether (10:1) pro-
vided the compound (LXXIXa), recrystallized from methanol 
(1.4 g), m.p. 165 , 
Analysis found : C, 69.40; H, 9.71 
^31^52^3^2 requires : C, 69.41; H, 9.70% 
IR : ^^^^ 3500 (-0-H), 1220 (-S-CH^), 1145 (C-O), 1055 cm"^ 
(oxathiolane moiety). 
NMR : a 4.22 (t, 2X-O-CH2), 3.05 (t, -S-CH^), 2.8 (t, -S-CH2), 
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1.06 (CIO-CH3), 0.66 (CI3-CH3), 0.91 and 0.78 
(other methyl protons). 
Mass : MT 536 (^2i^^2'^2^2^ * ^^^ ^^^ ^^9^48^3^^* 
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CHAPTER-IV 
REACTIONS o r 
DIBROMOSTEROIDS 
WITH ORGANIC BASES 
Theoretical 
N-Containing compounds were known for their extensive 
utility as potential drugs and medicines, and useful inter-
mediates ^* in organic synthesis. These compounds play 
Ic 
a vital role in the biological systems . The first reported 
reaction of a bromoderivative of an unsaturated ketone witn an 
amino compound seems to have been the reaction of dibromo-
benzalacetophenone with ammonia, carried out by Weiland in 
1904. Reaction of p-nitrobenzalacetophenone (I) with alcoholic 
ammonia afforded compound (II) more preferably than compound 
(III) as proposed by Weiland. 
Br Br 
— NO. 
CI) (II) 
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Later on the structure of this reaction product (II) 
Drought out to be ethylenimine of the type (ill), as proven 
2 by Cromwell et al. 
In the same year Ruhemann and Watson reported the reaction 
of alcoholic ammonia with a,p-dibromo-benzalacetophenone (IV), 
and obtained a new colourless base, m.p. 97 C, assignining the 
structures (V or VI). 
Ale. NH. 
(V) 
or 
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In a further extension of this work, Watson obtained 
p-piperidinobenzalacetophenone (VIII) and a,p-dipiperidino-
Denzalacetophenone (VIl) with piperidine in alcohol. 
H 
(VII) 
EtOH 
/K 
(VIII) 
(IX) 
Dufraisse and Moreu began a series of investigations 
with bromoderivatives of unsaturated ketones with the apparent 
purpose of developing a method for preparing 1,2-diketones. 
: 186 : 
0 
Br Br 
b a s e 
Br 
/ ' l \ 
EtOH 
•10°C 
H 
(XI) 
+ 
H 
<-
EtOH 
Br/ 
N \ 
(X) 90% 
O 
( X I I ) 
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In 1940, a series of investigations was begun by Cromwell 
and his coworkers, on the reactions of various amines with 
a,p-dibromoketones and a-bromo-a,p-unsaturated ketones. In the 
first paper in the series, a,p-dibromobenzylacetophenone (IV) 
was shown to react with excess of diethylamine in alcohol solu-
tion to give good yields of a-N-diethylaminobenzalacetophenone 
(XIII). 
Et2NH 
Abst. Et0H,0O 
(IV) (XIII) 
The rapid reaction of benzalacetophenone dibromide (IV) 
with morpholine had been found to give mostly a,p-dimorpholino-
benzalacetophenone (XIV) with small amounts of a-morpholino-
benzalacetophenone (XV) . 
: 188 : 
Br Br 
(IV) 
H 
0/ 
Abst.EtOH 
(XIV) 
+ 
When a-bromobenzalacetophenone (VII) was treated with 
morpholine in the cold, the intermediate, a-bromo-a-morpho-
linobenzylacetophenone (XVI) was obtained. Compound (XVI) 
was found to give a slow reaction with morpholine, resulting 
in the formation of approximately equal amounts of (XIV) and 
(XV). However, with sodium ethoxide, 96?l» yield of (XV) was 
obtained . 
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HN O 
Et20 , - 5 ' 
Abst.EtOH 
EtONa Reflux 
(XVI) 
Abs t . EtOH 
(XIV) + (XV) 
Benzalace tone d ibromide (XVIl) was found t o r e a c t r a p i d l y 
with morphol ine t o g ive mainly a , p - d i m o r p h o l i n o b e n z a l a c e t o n e 
(XVII I ) , wi th smal l amounts of a -morpho l inobenza lace tone 
(XIX)^. 
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0 N-H 
->• 
Abst. EtOH 
Br Br 
(XVII) 
Under special conditions a-bromobenzalacetone (XX) reactea 
with morpholine to give a-bromo-a-morpholinobenzylacetone (XXI), 
Compound (XXI) reacted slowly with morpholine to give mainly 
(XVIII) and traces of (XIX), In the usual manner, with sooium 
ethoxide affords compound (XIX) in lt% yield . 
(XX) 
Hl(3, Et^ O 
-5' 
Abst. Abst 
EtOH EtOhKEtONa (xxi) 
Kef lux 
(XVIII) (XIX) (XIX) 
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9 
H.L. Davis isolated p-N-piperidino-a-dialkylamino-
propiophenones (XXIII-XXVIl) as their dihydrobromides from 
the reaction of a,p-dibromopropiophenone (XXII) with di-N-
alkylamines and with pipexidine successively. 
H 
A 
1 O R2NH, Et20 
Br Br 
(XXII) (XXIII) 
(XXIV) 
(XXV) 
(XXVI) 
(XXVII) 
R 
CH, 
S»5 
n-C^H^ 
"-S^ll 
i V ^ 
10 Bataafsche prepared aminomethylene ketones by react ion 
of ammonia or amines with ^-halovinyl ketones . 1-Chloro-l-
buten-3-one (XXVIIl) in absolu te e ther at 0 , reacted with 
al lylamine t o give l -a l ly lamino- l -bu ten-3-one (XXIX). 
0 
CI' 
,NH. 
(XXVIIl) (XXIX) 
Moreu reported the reaction of a,p-dibromobenzylacetone 
(XVH) with piperidine to give a, p-dipiperidino-benzylacetone 
(XXX). 
Br Br 
(XVII) 
Abst. EtOH 
(XXX) 
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12 N.H. Cromwell s y n t h e s i z e d a s e r i e s of amino compounds. 
P y r r o l i d i n e added r a p i d l y t o a-bromobenzalacetophenone (VII) 
t o g ive a -b romo-a -N-pyr ro l id inobenzy lace tophenone (XXXI), which 
r e a c t e d in the usua l way wi th sodium e thox ide t o g ive a -N-pyrro-
l i d i n o o e n z a l a c e t o p h e n o n e (XXXIl). P y r r o l i d i n e was a l s o r eac t ed 
r a p i d l y wi th benza lace tophenone dibromide (IV) t o give one equi-
v a l e n t of (XXXII) and two e q u i v a l e n t s of a ,p-di - -N-pyrrol idlno-
benzylace tophenone (XXXIII). 
(VII) 
Br Br 
A b s t . EtOH 
Moist 
Et20 , - 5 ° 
Abs t . 
EtOH 
(XXXI) 
EtONa, 
/ N \ /N \ (XXXII) 
(IV) (XXXIII) 
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When a-bromo-a-aminoketones (XXXV-XXXVI) were each treated 
with 2 equivalents of tetrahydroquinoline, the corresponding 
a,p-diaminoketones (XXXVII-XXXIX) were obtained in good yields. 
N -
-N< 
(XXXIV) 
(XXXV) 
(XXXVI) 
,N 
6 0' 
N. 
(XXXVII) 
(XXXVIII) 
(XXXIX) 
-N< 
N N 
N. 
13 
Cromwell and Cram reported the rapid and complete addi-
tion of tetrahydroisoquinoline with a-bromobenzalacetone (XX) 
to give a-bromo-p-tetrahydroisoquinolinobenzylacetone (XL). 
This product (XL) reacted with sodium ethoxide to give a-tetra-
195 
hydroisoquinolinobenzalacetone (XLI), With excess tetrahydro-
isoquinoline, the bromoaminoketone (XL) gave 75% yield of a,p-
ditetrahydroisoquinolinobenzylacetone (XLII), which was pre-
pared directly from a,^-dibromobenzylacetone (XVII) in 63% 
yield. In either absolute alcohol or absolute ether the 
compound (XL) reacted readily with tetrahydroquinoline to give 
good yields of a-tetrahydroisoquinolino-^-tetrahydroquinolino-
oenzylacetone (XLIIl). With morpholine in alcohol, the main 
product was a-tetrahydroisoquinolino-p-morpholinobenzylacetone 
(XLIV) alongwith compound (XL). The bromoamino ketone (XL) with 
piperidine in absolute ether gave a low yield of a-tetrahydro-
isoquinolino-p-piperidinobenzylacetone (XLV). 
(XX) 
OQ NH 
OQ 
H 
196 
O 
O 'Nv. N-
o 
(XLIII) 
Excess 
Abst. EtOH 
(XL) 
excess 
-^ (XLII) 
r' 
Abst. ether 
1^. 
0 
O 
o 
0 
< 
{y^LiM) 
(XLV) 
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14 Cromwell and Witt synthesized exclusively a,p-di-N-
methylbenzylaminobenzylacetone (XLVI) by treatment of a,p-di-
bromobenzylacetone (XVII) or a-bromobenzalacetone (XX) with 
N-methylbenzylamine at room temperature. The diaminoketone 
(XLVIl) was obtained directly from the unsaturated bromoketone 
(VIl) and in smaller amounts from a,3-dibromobenzylacetophenonf 
(IV). 
Of 
Br Br 
(XVII) 
(IV) 
H 
0^ 1 1^ 
R 
(XLVI) CH3 
(XLVII) C^H^ 
(XX) 
( V I I ) 
R 
CH3 
^ 6 ^ 5 
a-Bromobenzalketones (XX, VII) reacted readily with piperi-
dine and N-methylbenzylamine to give a-bromo-^-aminobenzylketone 
(XLVIII-XLIX) which on treatment with sodium ethoxide gave a-
aminobenzalketone (L, LI), The compound (XLIX) reacted with 
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tetrahydroquinoline to give a good yield of a-N-methylbenzyl-
\ 14 
amino-p-tetrahydroquinolinobenzalacetophenone (LID 
0 0 Abst. EtOH 
Br — N Br 
(XX) 
( V I I ) 
h_ 
CH3 
C6H5 
R N< 
(XLVIII) CH3 N ) 
(XLIX) c.H. 
£1 D Q N' .CHo 
EtONa 
(XLIX) 
I 
OX] Abst. EtOH 
&) r^ 
O 
/J^x 
N< 
(L) CH3 i T ^ 
(LI) C ,". tX hT CH-
(LII) 
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15 Cromwell e t a l . sugges ted t h a t t h e r e a c t i o n of b e n z y l -
amine and cyc lohexylamine wi th a ,p-d ibromobenzylace tophenone 
(IV) a f forded l - b e n z y l - 2 - p h e n y l - 3 - b e n z o y l e t h y l e n i m i n e ( L I U ) 
and l - c y c l o h e x y l - 2 - p h e n y l - 3 - b e n z o y l e t h y l e n i m i n e (LIV) r e s p e c t i -
v e l y . 
A b s t . EtOH 
Br Br 
(IV) 
R 
( L I I I ) Q 
(LIV) C.H 
H. 
6"11 
Barnes and Brandon prepared 3-p-methoxyphenyl-5-phenyl-
isoxazole (LVI) by the reaction of benzal-p-methoxyacetophenone 
dibromide (LV) with hydroxylamine hydrochloride and potassium 
hydroxide. 
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Ha^'KO 
NH2OH.HCI 
17 Barnes and Dodson synthesized 3-m-nitrophenyl-5-phenyl-
isoxazole (LVIII) by treating m-nitrobenzalacetophenone dibro-
mide (LVIl) with hydroxylamine hydrochloride. 
Br Br 
EtOH 
NH OH.HCl 
KOH 
(LVII) (LVIII) 
3-m-Nitrophenyl-5-phenylpyrazole (LX) was prepared by 
the reaction of a,p-dibromobenzal-m-nitroacetophenone (LIX) 
17 
with hydrazine hydrate in methanolic solution 
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N^H^.H^O 
MeOH 
(LX) 
18 Cromwel l e t a l . r e p o r t e d t h e r e a c t i o n s of h e t e r o c y c l i c 
s e c o n d a r y a m i n e s w i t h a - b r o m o - p - a m i n o k e t o n e s (XLVIII-LXVl) 
a f f o r d e d t h e i r r e s p e c t i v e a , p - d i a m i n o b e n z y l k e t o n e s (LXVII -
LXXV). 
\ O 
R' Br R' R " 
R" 
(Lxi; 
(XLVIII) 
( L x i i ; 
00 
N-
0 
(Lxvi i ; 
(LXVIII) 
(LXlX) 
R' 
N 
O 
0 
R I I 
N 
o 
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ff Br • D « • R' R 
CLXIII) 
(LXIV) 
(LXV) 
R' 
N 
N 1 
(LXX) 
(LXXI) 
(LXXII) 
R' R' 
:ar; a •^N 
0 
00 0 
N 
•N 
(LXIII) N (LXXIII) N 
.N 
(LXIIi; or^  (uxiv) 0 Q Q 
(LXVI) 
NH 
I 
S (LXXV) 
NH 
1 
S 
N 
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19 N.H, Cromwell et al, performed the reactions of thalline 
(tetrahydro-6-methoxyquinolines) and open chain secondary 
amines with a-bromo-^-amino ketones (XLVIII-LXXVI) to furnish 
their respective diaminoketones (LXXVII-LXXX). Further the 
reactions of a-bromo-p-aminoketones (XLVIII, LXXVI) with secon-
dary amines gave their respective diaminoketones (DCXXII-
LXXXVII) alongwith the simple elimination products (L, LXXXI). 
0 
-N Br 
H^CO-^^^:J^^^ 
H3CO 
R 
(LXXVI) 
N< 
-N 
^6^5 (LXXVII) 
N< 
N, 
R 
CeHt) 
(LXIV) ^6^5 (LXXVIII) ^6^^ 
(XLVIII) ,N CH- (LXXIX) 
.N, 
CH-
(LXII) CH^  (LXXX) CH, 
0 
^ 
Br 
: 204 : 
0 
RVN 
R 
(LXXVI) C^H^ 
(XLVII I ) CH^ 
R R^  
(LXXXII) C.H. 
O D 
(LXXXIII) C.Hp, 
or 
R 
(LXXXI) C^H^ 
/ \ NCH. 
(LXXXIV) C^H^ H C T " - ^ / 3 
(LXXXV) CH, O N 
0 
(LXXXVI) CH, 
(LXXXVII) CH, 
0O=" 
HO' ,NCH3 
( L ) CH, 
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20 Cromwell and Hoeksema sugges ted t h a t 8-amino-6-methoxy-
q u i n o l i n e r e a c t e d r e a d i l y wi th a s e r i e s of a-bromo-p-amino-
ketones (XLVIII-LXXVIIl) t o g ive good y i e l d s of d iaminoketones 
(LXXXVIII-XCII). ^^ 
/ 
N Br 
0 
NH N ^ 
OCH-
R 
(LXIV) C^^s 
-N< R 
(DCXXVIII) C^H^ 
-N< 
N 
0 
(LXXVIII) c,H^ r 
6 0 
N. (LXXXIX) c , H , 
6 D 
N 
(XLIX) ru 
6 D 
€r NCHj WC^ C6"5 0-^a, 
(LXII) CH, (XCI) CH, c : 
(XLVIII) cH. ,N (XCII) CH, N-
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21 Barnes and Dodson isolated 3-phenyl-5-p-bromophenyl-
isoxazole (XCIV) from the reaction of a,^-dibromobenzal-p-
bromoacetophenone (XCIII) with hydroxylaminehydrochloride and 
potassium hydroxide. The dibromide (XCV) yielded the isoxazole 
(XCVI) when reacting with NH2OH.HCI in alkaline solution. 
NH2OH.HCI 
Br > 
KOH 
(CXIV) 
(XCVI) 
22 Barnes and Spriggs reported the reaction of a,^-dibromo-
m-nitrobenzalacetomesitylene (XCVIl) with hydroxylaminehydro-
chloride and potassium hydroxide furnished isoxazole (XCVIII). 
: 207 : 
Mes 
NH2OH.HCI 
Mes 
HCl 
(XCVIII) 
23 Barnes and Snead carried out the reaction of a,p-di~ 
bromo-p-methoxybenzal--m-nitroacetophenone (XCIX) witn NH„0H.HC1 
and KOH yielding 3-m-nitrophenyl-5-p-methoxyphenylisoxazole (C), 
wnile the dibromide (Cl) upon refluxing with NH„0H.HC1 in 
aqueous alcoholic solution with subsequent treatment with KOH 
gave rise to isoxazole (CIl). 
O-' NH2OH.HCI CU'. KOH 
(C) 
Br Br 
(CI) (CU) 
208 
24 Cromwell and Hoeksema prepared a,p-diaminobenzyl-
acetones (CIII-CV) by treating a,p-dibromobenzylacetone (XVII) 
with 0-hydroxy-N-methylbenzylamine, 0-methoxy-N-methylbenzy1-
amine and p-methoxy-N-methylbenzylamine, respectively. 
Br Br 
_ N N -
-N< 
OH 
(CIII) H3C-N-<y> 
OCH3 
(CIV) ^ - C H 3 
(CV) H3C-N-<^yOCH3 
25 Lutz et al. synthesized a-bromo-p-morpholinobenzyl-
acetophenone (LXIV) and a,^-dimorpholinobenzylacetophenone 
(XIV) and a-morpholinobenzalacetophenone (XV) by the reaction 
of benzalacetophenonedibromide (IV) with morpholine. 
209 
Excess 0^ 
H,^_p 
(XIV) 
+ (LXIV) 
Cromwell and Mercer reported the reaction of 2,3-di-
bromo-3~(o-nitrophenyl)-propiophenones (CVI, CVII) with 
cyclic or acyclic secondary amines to produce 2,3-amino-3-
nitrophenylpropiophenones (CVIII-CXI, CXII-CXV). 
: 210 : 
0 
Ar U 
Br Br 
>NH Ar 
/ 
Br 
Ar 
(GVII) A-m^-C^H^ 
>NH 
-"Br 
>NH 
Ar N< Ar N< 
(CXII) 3-NO -C,H. (C.H.)„N (CVIII) 3-N0^-C,H, (C,H,).N 
2 ^6"4 ^"2"5'2' 
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Ar 
( C X I I I ) A-NO^-C^H^ 
(CXIV) A-m^-C^H^ 
(CXV) 
N< Ar 
r ^ (CIX) 4-NO2-C 6^4 
(CX) 4-N02-C^H4 
4-N02-C^H^ ^ ^ " 5 ^ 2 ^ ^^^^^ ' ^ - ^ ^ 2 " ^ 6 " 4 
27 
N< 
N 
0 
^ 
( C ^ H . j j N 
P e a r s o n e t a l . c a r r i e d ou t t h e r e a c t i o n of 2 - b r o m o - 2 -
( - a - b r o m o b e n z y l ) - l - i n d a n o n e (CXVI) w i t h m o r p h o l i n e s , p i p e r i -
d i n e and c y c l o h e x y l a m i n e t o g i v e 3 - a m i n o - 2 - b e n z a l - l - i n d a n o n e s 
(CXVII-CXIX), w h e r e a s 2 - b r o m o - 2 - ( a - b r o m o b e n z y l ) - 3 , 3 - d i m e t h y l -
1 - i ndanone (CXX) r e a c t e d w i t h m o r p h o l i n e and p i p e r i d i n e t o 
g i v e p - a m i n o - a , ^ - u n s a t u r a t e d k e t o n e s (CXXI, CXXII) . 
(CXVI) 
(CXVII) 
(CXVIII ) 
(CXIX) 
N< 
0 
N^  
NH 
212 
NH 
(XVI) 
(IX) 
29 Sculley and Cromwell investigated the reaction of 
a,^-dib^omobutyrophenone (CXXV) with morpholine, dimethyl-
amine, and cyclohexylamine to furnish a,p-dimorpholinobutyro-
phenone (CXXVI), a,p-bis(dimethylamino)butyrophenone (CXXVII) 
and 1-cyclohexy1-2-methy1-4,4-diphenyl-4-hydroxypropylene-
imine (CXXVIII). 
Br Br 
(CXXV) 
N N -
213 
NH. 
(CXXVI 
N< 
- 0 
(CXXVII) (CH3)2N 
(CXXVIII) 
30 
N.H. Cromwell and McMaster reported the reaction of 
2-bromo-3,3-diphenylacrylphenone (CXXIX) with morpholine, 
piperidine, N-methylcyclohexylamine, and cyclohexylamine to 
give 3,3-diphenyl-2-(N,N-disubstituted amino)-acrylphenones 
(CXXX-CXXXIII) respectively. 2,3-Dibromo-3-phenylindanone 
(CXXXIV) with morpholine, piperidine, and cyclohexylamine to 
give 2-amino-3-phenylindenones (CXXXV-CXXXVIl). 
214 
(CXXIX) 
N< 
(CXXX) N 0 
(CXXXI) N \ 
(CXXXII) o NCH' 
(CXXX I I I ) / V-NH 
(CXXXIV) 
N< 
(CXXXV) N 0 
(CXXXVI) N . " ^ 
(CXXXVII) / \ - N H 
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(cxx) 
(CXXI) 
(CXXII) 
N< 
N 
N 
The reactions of a-bromo-a-piperidinobenzylacetophenone 
(X) and the morpholino analogue (XVI) with morpholine and 
28 piperidine, respectively were reported . The first reaction 
was shown to give mainly a-piperidino-p-morpholinobenzylaceto-
phenone (CXXIII) while the second reaction gave a mixed product 
which apparently contained two diaminobenzylacetophenones 
(CXXIV, IX). 
0 NH \ / 
(X) 
: 216 : 
Moussa and Chabaka r e p o r t e d t h e f o r m a t i o n of 3 - ( m , p -
d i m e t h y l ) p h e n y l - 5 - p - m e t h o x y p h e n y l i s o x a z o l e (CXXXIX) by t h e 
c y c l o c o n d e n s a t i o n of a , p - d i b r o m o - p - m e t h o x y b e n z a l - 3 , 4 - d i m e t h y l -
a c e t o p h e n o n e (CXXXYIII) w i t h h y d r o x y l a m i n e h y d r o c h l o r i d e . 
Br Br 
(CXXXVIII) (CXXXIX) 
32 S u l s k y and Demers s u g g e s t e d t h a t 2 - m e t h o x y p h e n y l - N -
b e n z y l o x y u r e a (CXL) was a l k y l a t e d w i t h 1 , 2 - d i b r o m o e t h a n e and 
s u b s e q u e n t l y d e p r o t o n a t e d t o p r o v i d e l - h y d r o x y - 3 - m e t h o x y -
p h e n y l - i m i d a z o l i d i n o n e (CXLI) . 
Br 
-Br 
(CXL) 
-OH 
(CXLI) 
Discussion 
The manifold physiological properties associated with 
a variety of compounds containing heteroatoms with useful 
therapeutic values prompted to carry out extensive research 
in this field. Steroids as a class of biologically active 
compounds, were modified to a variety of oxygen and nitrogen 
containing derivatives, playing a vital role in the era of 
medicine and drugs, and synthetic organic chemistry. These 
33 33 
compounds were found to possess dermatological , opthalmic 
34 35 36 
antiulcer , immunoassay and CNS depressant activities 
in association with other physiological activities. The 
present work describes the synthesis of oxygen and nitrogen 
containing steroids from their respective 3p-substituted 
dibromosteroids such as 3p-acetoxy-5,6p-dibromo-5a-cholestane 
(CXLII), 3j:i-chloro-5,6p-dibromo-ba-cholestane (CXLVI) and 
3p-hydroxy-E), 6p-dibromo-5a-cholestane (CXLIX). 
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CQH^J 
(CXLII) 
(CXLVI) 
(CXLIX) 
R 
AcO 
CI 
0-H 
No attempt was made for spectral elucidation of these 
dioromosteroids till now. Here we report spectral assign-
ments using latest techniques, for these dibromides ana the 
products obtained from them. 
Reaction of 3g-acetoxv-5.6g-dibromo-5a-cholestane (CXLll) 
with dimethylamine : 
3f3-Acetoxy-5,6P-dibromo-5a-cholestane (CXLIl) on 
reaction with dimethylamine followed by usual work up of the 
reaction mixture, and upon crystallization with chloroform-
methanol provided clusters of needles, m.p. 265°. 
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AcO 
(CXLII) 
^8^17 
(CXLIII) 
Characterization of the compound, m.p. 265° as 3)3-acetoxY-6-
dimethylaminocholest-S-ene (CXLIII) : 
The compound, m.p. 265 (negative Beilstein's test) was 
analysed correctly for C^^Hp^^NO^. The molecular ion peak M. 
(471) supports its molecular composition. From the mass 
spectrum no particular trend in peaks was observed for halo-
gen atoms, justifying the absence of bromine atoms. The I.R. 
spectrum of the compound exhibited absorption bands at 1750 
(CH3-CO-O-), 1650 (C=C), 1220-1040 cm"-"" (C-N). A band at 
1650 cm" appeared for nonconjugated olefin. Two sharp and 
— 1 "^7 
Strong Dands at 1220 and 1040 cm" appeared for (C-N) stre-
tching vibrations. The H-NMR spectrum showed a sharp singlet 
each integrating for three protons at d 2.74 and 3.09 were 
ascribed to N-methyl protons. A broad singlet integrating 
for one proton at d 5.89 was ascribed to axial hydrogen atom 
33 
at C-3 . The methyl protons were observed at d 1.34(C10-CH^), 
: 220 : 
0.90 (C2O-CH3), 0 .86 and 0 .84 (C25-2XCH3), 0 .66 (CI3-CH3). 
13 The C-NMR spectrum suppor ted for the p r e s e n c e of double bona 
by p r o v i d i n g s i g n a l s a t d 138.47 and 135.54 f o r carbons num-
bered f i f t h and s i x t h in t h e mo lecu l e . A s i g n a l a t <^  169,55 
was due t o ca rbony l carbon of a c e t a t e moie ty . A peak a t d 
75.10 was a s c r i b e d t o C-3 . An upf ie ld s h i f t was observed for 
C-9, C-14 and C-17 a t 5 0 . 5 8 , 55 .98 and 56 .69 r e s p e c t i v e l y . 
Methyl carbons were observed a t d 47.92 and 44 .78 (CH3-N-CH3), 
22.78 (C-27) , 22 .53 (C-26) , 21 .40 (CH3-COO-), 21 .33 (C-19) , 
18.64 (C-21) , 11.75 (C-18) . On t h e b a s i s of above s p e c t r a l 
ev idences , t h i s compound was regarded as 3p-ace toxy-6-d imethy l -
aminocho le s t -5 - ene (CXLII I ) . 
F u r t h e r ev idence in suppor t of s t r u c t u r e (CXLIII) was 
provided by i t s mass spec t rum. The mass spectrum of compound 
showed molecu la r ion peak a t m/z 471 (C3-|H^3N02) a longwith 
s i g n i f i c a n t peaks a t m/z 470, 456, 457, 428, 429, 411 , ^ l o , 
366 and o t h e r lower mass p e a k s . Formation of some of the 
s i g n i f i c a n t fragment ions has been shown in scheme-1. 
Scheme-1 : 221 
-CH, 
m/z 412 
-^  m/z 397 
-CH3COO * 
H3C ^H3 
Mt 471 
m/z 470 
-H* 
-CH2=C=0 
m/z 429 
-CH3COOH 
m/z 411 -NMe2 
-^  m/z 367 
m/z 396 
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Reaction of 33-acetoxy-5.6g-dibromo-5a-cholestane (CXLII) 
with diethanolamlne : 
Reaction of 3p-acetoxy-5,6p-dibromo-5a-chole5tane 
(CXLII) with diethylamine was carried out in a similar manner 
as described for the compound (CXLIV). It provided white 
prism shaped crystals of the compound, m.p. 136 . 
AcO-'^ 
(CXLII) 
CQH^J 
(CXLIV) 
Characterization of the compound, m.p. 136 as 3g-acetoxv-5.~-
bromo-6B-hvaroxv-5a--cholestane (CXLIV) : 
The compound, m.p. 136 (positive Beilstein's test) was 
analysed for CgyH^gNO^Br. The molecular ion peaks ut (524/ 
526) supports its molecular composition. Pattern of peaks 
(1:1) indicated for the presence of one bromine atom in the 
molecule. The I.R. spectrum of the compound exhibited aosorp-
tion bands at 3450 (-0H), 1750 (0=C-0-), 1250 (C-O-C), and 
223 
1040 cm" (C-0), No bands was observed fox (C=C) stretching. 
The H-NMR spectrum showed a sharp singlet integrating for 
one proton at d 2.16, assigned to hydroxyl proton at C-6. A 
sharp singlet at 2,04 integrating for three protons, ascribed 
to methyl protons of acetoxy group. A septet appeared at d 
5.47 integrating for one proton, was due to C-3 proton. A 
double doublet at d 4.82 (J = 4.5 and J = 2 cps) integra-
ea ee "^  ^ 
ting for one proton, was due to C6-H . ,. Methyl signals 
ax l a X 
were appeared at d 1.45 (ClO-CH^), 0.90 (C2O-CH3), 0.87 and 
0.85 (C25-2XCH3) and 0.70 (CI3-CH3). '•"^ C-NMR showed peaks 
at 0 170.34 for carbonyl carbon of ace ta t e moiety and 88.09 
for C-5 quar ternary carbon. Peaks for C-3 and C-6 carbons 
were appeared at d 72.00. Signals for methyl carbons were 
present at 6 22.79 (C-27), 22.54 (C-26), 20.10 (C-19), 18.64 
(C-21), 12.18 (C-18). The above data suggested the compound 
to be 3p-acetoxy-5-bromo-6p-hydroxy-5a-cholestane (CXLIV), 
formed as a r e s u l t of hydrolys is of 6(3-diethdnolaminoderiva-
t i v e . 
Mass spectrum showed the presence of one bromine atom in 
the compound (CXLIV) by providing molecular ion peaks at 524/ 
526 (1:1) (C^oH.gO-Br) alongwith s ign i f i can t peaks at m/z 
506/508, 491/493, 448/446, 428, 426, 393/395, 385, 384, 368, 
366, 353/351 and other lower mass peaks. Fragmentation may 
be v i sua l i zed as in scheme-2. 
Scheme-2 
M. 524/526 
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m/z 368 
-CH^COOH 
-HOBr 
•^ m/z 428 
m /z 448/446^ 
-CH3COOH 
-H 0 
2 
m/z 506/508 
-CH, 
m /z 491/493 
-C8Hj_7 
-HBr 
m/z 426 
m/z 393/395 
-CH2=C=0 
m/z 353/351 
-CH^COOH 
m/z 366 
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Reaction of Sp-acetoxy—5,6p-dibromo-5a-cholestane (CXLII) 
with succinimide : 
3f3-Acetoxy-5,6p-dibromo-5a-cholestane (CXLII) was treated 
with succinimide in the usual manner. Product on crystalli-
zation afforded pinkish long flat needles, m.p. 129°. 
CsHiy 
(CXLII) (CXLV) 
Characterization of the compound, m.p. 129 . as 36-acetoxy-
6b-succinimido-5-bromo-5a-cholestane (CXLIV) : 
The compound, m.p. 129 was analyzed for C23Hp^ 2'^ 4^^ -^  
(positive Beilstein's test). From the molecular composition, 
presence of one bromine atom is indicated. IR spectrum of 
the compound gave a intense broad absorption band having peaks 
at 1750 and 1730 cm for carbonyl stretching vibrations of 
226 
37 
acetate moiety and imide group . Other absorption bands 
were observed at 1250 (C-O-C), 1250-1040 (C-N) and 1040 cm""'-
—1 39 
(C-0). An absorption band at 670 cm for axial bromine 
atom, was also present. H-NMR spectrum displayed a double 
doublet centred at d 4,82 (J^^ = 4.5 and J = 2 cps) for 
ea ee "^  
C6-H . , . A sharp s i n g l e t at d 2.03 was due to methyl protons 
of acetoxy group, i n t e g r a t i n g for three pro tons . A s ing le t 
a t d 2.16, i n t eg ra t ing for four protons, was ascribed to 
equivalent methylene protons of imide r i n g . A septe t appeared 
at d 5.47, i n t eg ra t i ng for one proton, was assigned to C3a-H. 
Methyl s igna ls were observed at d 1.30 (ClO-CH^), 0 . 9 0 ( 0 2 0 - ^ 3 ) , 
0.84 and 0.87 (C25-2XCH3) and 0.70 (CI3-CH3). "'•^ C-NMR showed 
peak at d 170.35 for carbonyl carbon of acetoxy group. A 
peak at 0 56.10 was appeared for C-6. A downfield sh i f t at 
d 88.11 was due to quar ternary bromine subs t i t u t ed carbon at 
pos i t ion f ive in the molecule. Signal a t d 30.90 was due to 
-CH^-carbons of imide r i n g . A peak appeared for C-3 at d 
72 .01 . Methyl carbons were observed at d 22.80 (C-27), 22.55 
(C-26), 21.32 (CH3-CO-O), 20.10 (C-19), 18.65 (C-2l) and 12.19 
(C-18). Above spec t r a l evidences favoured the compound with 
m.p. 129 , to be 3p-acetoxy-6p-succinimido-5-bromo-5a-choles-
tane (CXLV). 
Further, mass spectrum revealed the presence of one bromine 
atom in the molecule. Mass spectrum showed molecular ion peaks 
a t 605/607 ( l : l ) (0331-1^2^^4^- '^* alongwith s ign i f i can t peaks at 
: 227 
m/z 506/508, 491/493, 448/446, 426, 428, 393/395, 385, 384, 
368, 366 and other lower mass peaks. 
Scheme-3 
O=4N^0 
-S"l7 " 
m/z 368 
-CH3COOH 
m/z 428 
m/z 393/395 ^ 
-CH COOH 
m/z 506/508 , m/z 448/446 
-HBr ^"^"3 
m/z 426 m/z 491/4 93 
-CH^COOH 
m/z 366 
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^^C-NMR values of products (CXLIII, CXLIV and CXLV) were 
recorded in table-I, for their all non equivalent carbons. 
The •'•^ C-NMR values of products (CXLIII-CXLV) were compared 
with that of their parent compound (CXLII). 
Carbons 
C-1 
G-2 
C-3 
C-4 
C-5 
C-6 
C-7 
C-8 
C-9 
C-10 
G-11 
C-12 
C-13 
C-14 
C-15 
C-16 
Tabl€ ?-I 
13 
C-Chemica l s h i f t s 
(CXLII) 
3 6 . 4 7 
2 6 . 1 6 
7 2 . 0 1 
4 1 . 9 4 
8 8 . 0 9 
5 6 . 0 9 
3 7 . 1 8 
3 0 . 7 8 
4 7 . 2 4 
4 1 . 8 4 
2 1 . 2 6 
2 8 . 1 4 
4 2 . 6 7 
5 5 . 1 3 
2 4 . 0 3 
3 9 . 5 7 
(CXLI I I ) 
3 7 . 6 4 
2 4 . 2 0 
7 5 . 1 0 
4 2 . 2 3 
1 3 8 . 4 7 
1 3 5 . 5 4 
3 2 . 5 9 
3 1 . 4 4 
5 0 . 5 8 
3 6 . 8 2 
2 0 . 3 5 
2 8 . 1 1 
4 2 . 2 3 
5 5 . 9 8 
2 4 . 1 3 
3 9 . 4 7 
( i n Dom) f o r 
(CXLIV) 
3 6 . 4 7 
2 6 . 1 7 
7 2 . 0 0 
4 1 . 9 4 
8 8 . 0 9 
5 6 . 0 9 
3 7 . 1 8 
3 0 . 8 0 
4 7 . 2 4 
4 1 . 8 4 
2 1 . 2 6 
2 8 . 1 4 
4 2 . 6 7 
5 5 . 1 3 
2 4 . 0 3 
3 9 . 5 7 
comoounds 
(CXLV) 
3 6 . 4 8 
2 6 . 1 8 
7 2 . 0 1 
4 1 . 9 4 
8 8 . 1 1 
5 6 . 1 0 
3 7 . 1 9 
3 0 . 8 1 
4 7 . 2 5 
4 1 . 8 5 
2 1 . 2 6 
2 8 . 1 5 
4 2 . 6 8 
5 5 . 1 4 
2 4 . 0 4 
3 9 . 5 8 
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C-17 
C-18 
C-19 
C-20 
C-21 
C-22 
C-23 
C-24 
C-2b 
C-26 
C-27 
0-C=0 
COO-CH3 
5 6 . 0 9 
1 2 . 1 8 
2 0 . 0 9 
3 5 . 7 2 
1 8 . 6 5 
3 6 . 1 1 
2 3 . 7 8 
3 9 . 4 8 
2 7 . 9 8 
2 2 . 5 4 
2 2 . 7 8 
1 7 0 . 3 4 
2 1 . 2 9 
5 6 . 6 9 
1 1 . 7 5 
2 1 . 3 3 
3 5 . 6 9 
1 8 . 6 4 
3 6 . 1 2 
2 3 . 7 7 
3 9 . 3 2 
2 7 . 9 8 
2 2 . 5 3 
2 2 . 7 8 
1 6 9 . 5 5 
2 1 . 4 0 
5 6 . 0 9 
1 2 . 1 8 
2 0 . 1 0 
3 5 . 7 3 
1 8 . 6 4 
3 6 . 1 1 
2 3 . 7 8 
3 9 . 4 8 
2 7 . 9 9 
2 2 . 5 4 
2 2 . 7 9 
1 7 0 . 3 4 
2 1 . 3 0 
5 6 . 1 0 
12 .19 
2 0 . 1 0 
3 5 . 7 4 
18 .65 
3 6 . 1 2 
2 3 . 7 9 
3 9 . 4 9 
2 8 . 0 0 
2 2 . 5 5 
2 2 . 8 0 
1 7 0 . 3 5 
2 1 . 3 2 
Reaction of 3S-chloro-5.6B-dibromo-5a-cholestane (CXLVIj with 
succinimide : 
3p-Chloro-5,6P-dibromo-5a-cholestane (CXLVI) reacted 
with succinimide at room temperature over s t i r r i n g for half 
an hour. Reaction mixture was worked up in the usual manner. 
C r y s t a l l i z a t i o n with chloroform-methanol afforded compound, 
m.p. 144°. 
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CsHl? 
(cxLvi; (CXLVII) 
Characterization of the compound, m.p, 144 , as 3g-chloro-6)3-
amino-5-bromo-5a-cholestane (CXLVIl) : 
The compound, m.p. 144° was analyzed for C2yH^yNBrCl 
(positive Beilstein's test). From the molecular composition, 
presence of one bromine and one chlorine atom was indicated. 
-1 IR spectrum showed absorption bands at 750 (C-Cl) and 670 cm' 
(C-Br), further providing evidence for the presence of one 
bromine and one chlorine atom. -N-H stretching band was ob-
tained at 3500 cm" . Absorption bands in the region 1220-
1020 cm were present due to (C-N) stretching vibrations . 
H-NMR spectrum displayed a double doublet at d 4.81 (J 
4.5 and J^ ^ = 2 cps), integrating for one proton at C-6. A 
clear septet at d 4.65, integrating for one proton at C-3. 
Sharp signals were appeared for methyl protons at d 1.46 
(CIO-CH3), 0.86 and 0.88 (C25-2XCH3), 0.91 (C2O-CH3) and 0.71 
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13 (C13-CH^). Most downfield signals was observed in C-NMR 
spectrum at d 89.42 for bromine substituted quarternary carbon 
numbered five. Signals appeared at d 57,35 and 55.45 for C-3 
and C-6 respectively. Methyl carbon signals were obtained at 
d 22.79 (C-27), 22.54 (C-26), 20.28 (C-19), 18.64 (C-2l) and 
12.17 (C-18). Above spectral evidences supported the compound 
with m.p. 144 , to be 3p-chloro-6p-amino-5a-bromocholestane 
(CXLVII). 
Further evidence was provided by mass spectrum through 
fragmentation of the compound. Molecular ion peaks at 499/ 
501/503 (4:4:1)'^^ (C27H^^NBrCl), clearly indicated the pre-
sence of one bromine and one chlorine atoms. Other significant 
peaks were obtained at m/z 482/484/486, 467/469/471, 446/448, 
431/433, 404, 389, 386/388/390, 366, 351/353 alongwith lower 
mass peaks. 
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Scheme-4 
-CI 
m/z 386/388/390 
"^8^17 
•^m/z 351/353 
M. 499/501/503 
m/z 366 
- M r 1 
- N H , 
m/z 406/404-
-HBr -HCl 
m / z 482/484/486 -> m/z 4 4 6 / 4 4 8 
-CH-
m/z 3 8 9 / 3 9 1 
-CH-
m/z 4 6 7 / 4 6 9 / 4 7 1 
-HCl 
•^ m/z 4 3 1 / 4 3 3 
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Mechanism for the formation of the product (CXLVIl) can be 
given as : 
Br . .0 
-HBr 
H2O 
H. 
H2O 
OOH 
COOH COOH 
234 
Reaction of 33-chloro-5.6S--ciibromo-5a-cholestane (CXLVI) 
with diethanolamine : 
3(j-Chloro-5,6p-dibromo-5a-cholestane (CXLVl) was alloweo 
to react with diethanolamine in the manner described for com-
pound (CXLVIIj. Crystallization of the product afforded 
compound, m.p. 140 . 
(CXLVI) 
^8^17 
(CXLVIII) 
Characterization of the compound, m.p. 140*^  as 3p-chloro-L-
Dromo-6i;J-nitrQ-'5a-cholestane (CXLVITT) : 
The compound, m.p. 140°, was analysed for C27H.p^N02BrCl 
(positive Beilstein's test). From the composition it is 
evident that one bromine and one chlorine atoms are present in 
the molecule. IH spectrum showed peaks at 735 and 655 cm"-'-
235 
for (C-Cl) and (C-Br) s t r e t ch ing v i b r a t i o n s . Peaks from 1210 
to 1020 cm~ c l ea r ly ind ica t ing f o r , t h e presence of nitrogen 
atom at tached to carbon,(C-N) s t re tch ing v i b r a t i o n s . Aosorp-
t ion Dands at 950 and 960 cm" were due to (N-O) s t re tch ing 
v i b r a t i o n s . H-NMR provided a double doublet a t d 4 .81 , i n t e -
gra t ing for one proton, due to C6-H^^^^-j^ (Jge = 2 and J^^ = 
4.5 cps ) . A c l ea r septe t a t d 4 .65, i n t e g r a t i n g for one 
proton, was due t o C3-cxH. Signals for methyl protons were 
appeared at d 1.47 (CIO-CH3), 0.87 and 0.85 (C25-2XCH3), 0.91 
(C2O-CH3) and 0.71 (CIS-CH^). •'••^ C-NMR showed a most downfield 
s ignal at d 89.45 for bromine subs t i tu ted quarternary C-5. 
A peak appeared at d 57.38 for t e r t i a r y C-3 linked to chlorc 
group. C-6 s igna l appeared at d 55.48. Signals for methyl 
carbons were observed at d 22.80 (C-27), 22.56 (C-26), 20.31 
(C-19), 18.67 (C-21) and 12.20 (C-18). On the basis of the 
above spec t r a l evidences, the compound, m.p. 140 , was sugges-
ted to be 3p-chloro-5a-bromo-6p-ni trocholestane (CXLVIII). 
Mass spectrum also supported for the composition and for 
the presence of two halogen atoms (Cl and Br) in the molecule. 
Mass spectrum gave molecular ion peaks at M"!" 529/531/533 
( 4 ; 4 : l ) (C^yH^^NO^BrCl) alongwith other d iagnost ic peaks at 
m/z 482/484/486, 467/469/471, 406, 404, 389, 368, 366, 353 and 
lower mass peaks. 
Schefne-5 : 236 
- H C l 
m/z 404/406 -^ m/z 368 
-NO^Br 
-CH, 
m/z 353 
M. 529/531/533 
-HNO. 
m/z 482/484/486 
-CH 3-^ m/z 467/469/471 
-HBr 
m/z 404/406 
-CH3 
V 
m/z 389/391 
-HCl 
m/z 366 
-CH^  
m/z 351 
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Mechanism for the formation of the product (CXLVIIl) can be 
given as: 
^8^17 
I CH9CH9OH 
^CH2CH20H 
-HBr 
-HBr 
2H O 
2 
Br f CH2CH2OH 
N 
^H2CH20H 
-2C2Hp^OH 
-H 
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13 
C-NMR v a l u e s were shown fo r a l l u n e q u i v a l e n t carbons 
of 3 ^ - c h l o r o - 5 , 6 p - d i b r o m o - 5 a - c h o l e s t a n e (CXLVI), 3 p - c h l o r o -
5 -b romo-6p-amino-5a -cho les tane (CXLVII) and 3p-chloro-5-bromo-
6^-nitro-5a--cholestane (CXLVIIl) fo r ready and thorc ugh 
comparison in t a b l e - I I . 
T a b l e - I I 
13 
Carbons C-Chemical s h i f t s ( i n ppm) f o r compounds 
(CXLVI) (CXLVII) (CXLVIIl) 
C-1 
C-2 
C-3 
C-4 
C-5 
C-6 
C-7 
C-8 
C-9 
C-10 
C-11 
C-12 
C-13 
C-14 
C-15 
37.94 
31.70 
57.37 
46.80 
89.44 
55.46 
37.30 
30.78 
47.33 
41.76 
21.19 
28.14 
42.68 
55.13 
24.02 
37.27 
31.67 
57.35 
46.78 
89.42 
55.45 
37.92 
30.75 
47.31 
41.74 
21.17 
28.12 
42.66 
55.11 
24.00 
37.30 
31.70 
57.38 
46.81 
89.45 
55.48 
37.95 
30.79 
47.34 
41.77 
21.20 
28.15 
42.69 
55.14 
24.03 
C-16 
C-17 
C-18 
C-19 
C-20 
C-21 
C-22 
C-23 
C-24 
C-25 
C-26 
C-27 
39.56 
56.09 
12.19 
20.30 
35.72 
18.66 
36 .11 
23.78 
39.49 
27 .99 
22 .55 
22 .80 
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39.54 39.57 
56.07 56.10 
12.17 12.20 
20.28 20.31 
35.70 35.73 
18.64 18.67 
36.10 36.12 
23.76 23.79 
39.47 39.50 
27.97 28.00 
22.54 22 . 56 
22.79 22.80 
Reaction of 3B-hvdroxv-5.6B-dibromo-5a-cholestane (CXLIX) 
with morpholine : 
3p-Hydroxy-5,6p-dibromo-5a-cholestane reacted with mor-
pholine with stirring for 1 hr. After keeping the reaction 
mixture at room temperature for 3 days, it was worked up in 
the usual manner and chromatographed over silica gel to pro-
vide an oil. 
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Hcr\ 
(CXLIX) (CL) 
Characterization of the oil as 3B-hvdroxv-6-morpholinocholest-
5-ene (CL) : 
The compound (CL) was analysed for C^^iH^^^^o* Negative 
Beilstein's test showed the aosence of halogen (bromine) atoms 
in the compound. Molecular composition indicated the inser-
tion of one nitrogen atom in the molecule. IR spectrum showed 
a broad aDsorption band at 1660 cm" for (C=C) and at 3500 cm"''" 
for (O-H) stretching vibrations. Absorption bands at 1310, 
1260 and 1075 cm" were due to (O-H) bending and (C-O) stretch-
37 
ing vibrations of secondary alcohol . A sharp strong absorp-
- 1 - •^  
tion band at 1110 cm and a low intensity band 1185 cm ", 
were due to aliphatic (C-N) stretching vibrations. H-NMR 
spectrum showed a broad singlet centred at d 2.7, integrating 
for four protons, attributed to four protons of two methylene 
group adjacent to oxygen atom of morpholino group. A triplet 
signal was observed at d 3.6, integrating for four protons, 
241 
ascribed to four protons of two methylene groups adjacent to 
nitrogen atom of morpholino group. A singlet at d 2.16 inte-
grating for one proton, appeared for hydroxyl proton. A multi-
plet centred at d 4.48 (Wl/2 = 16Hz, axial) integrating tor one 
proton, was due to C3-^ aH. Signals for methyl protons were 
appeared at d 1.31 (CIO-CH3), 0.70 (CIS-CH^), 0.90 and 0.85 
(other methyl protons). On the basis of the aoovp nentioned 
spectral evidences, the oil was characterized as 3p-hydroxy-6-
morpholinocholest-5-ene CL). 
Reaction of 3B-hydroxy-5.6B-dibromo-5a-cholestane (CXLIX) with 
succinimide : 
Reaction of 3p-hydroxy-5,6|3-dibromo-5a-cholestane (CXLIX; 
with succinimide, was carried out in a similar manner descrioea 
for compound (CL). Usual work up and column chromatography ovej 
silica gel afforded an oil. 
CsHl? 
HO-^^. 
(CXLIX) 
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Charac te r iza t ion of the o i l as 33-hvdroxy-6-5uccinimldo-
choles t -5-ene (CLI) : 
The compound (CLi) was analysed for C^IH-QNO- . Negative 
B e i l s t e i n ' s t e s t discarded the p o s s i b i l i t y of any halogen atom 
present in the compound. I t s IR spectrum showed an aosorption 
band at 1730 cm" for (C=0) s t r e t ch ing v ib ra t ions of imide 
group. Absorption bands at 1640-1675 cm were appeared for 
(C=C) s t r e t ch ing v i b r a t i o n s . Other absorption oands were 
present a t 3350 (O-H), 1330 (C-OH), 1220, 1160 cm'"^ (C-N). 
H-NMR spectrum showed a broad s ing le t at d 2.18, in tegra t ing 
for four protons , a t t r i bu t ed to four protons of two equivalent 
methylene groups adjacent to carbony1 groups of imide r ing . A 
mul t ip le t centred at d 4.85 (Wl/2 = 16Hz, a x i a l ) , in tegra t ing 
for one proton, ascribed t o C3-aH. Signals for methyl protons 
were obtained at d 1.20 (CIO-CH3), 0.69 (CI3-CH3), 0.93, 0.87 
and 0.84 (other methyl p ro tons ) . On the basis of the above 
spec t r a l evidences, the o i l was suggested t o oe 3p-hydroxy-6-
succinimidocholest-5-ene (CLi). 
13 1 
C and H-NMR Spect ra l data were given in t a b l e - I I I , 
for 3j3-hydroxy-5,6^-dibromo-5a-cholestane (CXLIX) to a s s i s t 
in i d e n t i f i c a t i o n of the products derived from i t . 
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Carbons 
Table-Ill 
13 1 
C-Chemical shifts in H-Chemical shifts in 
ppm of (CXLIX) ppm of (CXLIX) 
C-1 37.22 1.64 
C-2 30.82 2.09, 1.87 
C-3 69.16 4.44 
C-4 45.72 2.67, 2.23 
C-5 89.76 
C-6 56.18 4.835 
C-7 36.72 2.05, 2.50 
C-8 30.16 1.88 
C-9 47.41 1.59 
C-10 41.92 
C-11 21.32 
C-12 28.15 
C-13 42.68 
C-14 55.18 1.21 
C-15 24.04 
C-16 39.62 
C-17 56.10 1.12 
C-18 12.19 0.70 
C-19 20.33 1.45 
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C-20 
C-21 
C-22 
C-23 
C-24 
C-25 
C-26 
C-27 
35.72 
18.65 
36.12 
23.78 
39.49 
27.98 
22.54 
22.78 
1.36 
0.91 
1.51 
0.85 
0.87 
Experimental 
3B-Acetoxv-5.66-dlbromo-5a-cholestane (CXLII) : 
To a solution of 3p-acetoxycholest-5-ene (14.5 g) in 
ether (100 ml) was added gradually the bromine solution (9.6 g 
in 100 ml of glacial acetic acid containing 1.0 g of anhydrous 
sodium acetate) with continuous stirring below 20 C. A white 
solid formed, which was filtered under suction and washed tho-
roughly with cold ether - acetic acid (3:7) mixture. The 
dried diDromide was crystallized from acetone with traces of 
ethyl acetate and methanol (15.78 g), m.p. 115-117 (reportea '^', 
m.p. 114,5-118 ). Compound showed a positive Beilstein's test. 
Analysis found : C, 59.27; H, 8.18 
^29^48°2^^2 ^s^^i^^s : C, 59.18; H, 8.22% 
IR : ^^^^ 1740 (-0-C=0), 1265 cm""^  (C-O). 
max 
^H-NMR : d 5.48 spt (C3-aH), 4.83 dd(C6-aH), 2.04 s 
(-O-CO-CH3), 1.46 s(C10-CH3), 0.85 and 0.87 
d(C25-2xCH3), o.91 d(C20-CH3), 0.71s(CI3-CH3). 
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-^ •^ C-NMR : d 1 7 0 . 3 4 ( - 0 - C = 0 ) , 2 1 . 2 9 (-O-CO-CH3), 8 8 . 0 9 ( C - b ) , 
7 2 . 0 l ( C - 3 ) , 5 6 . 0 9 ( C - 6 ) , 2 2 . 7 8 ( C - 2 7 ) , 2 2 . 5 4 ( C - 2 6 ) , 
2 0 . 0 9 ( C - 1 9 ) , 1 8 . 6 5 ( C - 2 l ) , 1 2 . 1 8 ( C - 1 8 ) . 
Mass : Mt 5 8 6 / 5 8 8 / 5 9 0 
3 B - C h l o r o - 5 . 6 B - d i b r o m o - 5 a - c h o l e s t a n e (CXLVI) : 
To a s o l u t i o n of 3 p - c h l o r o c h o l e s t - 5 - e n e ( 1 4 . 0 g) i n e t h e r 
(100 ml) was added s l o w l y t h e b r o m i n e s o l u t i o n ( 9 . 6 g in 100 
ml of g l a c i a l a c e t i c a c i d c o n t a i n i n g 1.0 g of a n h y d r o u s 
sodium a c e t a t e ) as t h e r e d c o l o u r of t h e r e a c t i o n v a n i s h e s , 
w i t h c o n t i n u o u s s t i r r i n g a t a t e m p e r a t u r e m a i n t a i n e d be tween 
0 - 1 0 C. A p a l e w h i t e s o l i d t h u s o b t a i n e d , was f i l t e r e o under 
s u c t i o n , and washed t h o r o u g h l y w i t h c o l d e t h e r - a c e t i c a c i d 
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( 3 : 7 ) m i x t u r e . C r y s t a l l i z a t i o n of t h e d r i e d s o l i d below 30 
w i t h e t h y l a c e t a t e - a c e t o n e p r o v i d e d p u r e d i o r o m i d e ( 1 5 . 0 g ) . 
m . p . 133 . The compound showed a s t r o n g p o s i t i v e B e i l s t e i n ' s 
t e s t . 
A n a l y s i s found : C, 5 7 . 3 5 ; H, 7 . 9 7 
^27^45^-^^^2 r e q u i r e s : C, 5 7 . 3 6 ; H, 7.99% 
IR : 2> 760 cm"-*- ( C - C l ) . 
max ^ ^ 
•^ H-NAAR : d 4 . 8 1 d d ( C 6 - a H ) , 4 . 6 5 s p t ( C 3 - a H ) , 1 .47s(CIO-CH3) , 
0 . 9 1 d (C20-CH3) , 0 . 8 5 and 0 . 8 7 d(C25-2xCH3) , 0 . 7 1 
( C I 3 - C H 3 ) . 
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•"•^ C-IMMR : c3 89 .44 (C-5) , 57 .35 (C-3) , 55 .46 (C-6 ) , 22.80 
(C-27) , 22 .55 (C-26) , 20 .30 (C-19) , 1 8 . 6 6 ( C - 2 l ) , 
12.19 (C-18) . 
Mass : MT 562 /564 /566 /568 . 
Reac t ion of 3B-ace toxY-5.6B-c i ibromo-5a-choles tane (CXLII) 
wi th d imethvlamine : 33-Ace toxv-6-c i ime thv laminocho les t -5 -
ene (CXLIII) : 
To a s o l u t i o n of 3 p - a c e t o x y - 5 , 6 P - d i b r o m o - 5 a - c h o l e s t a n e 
(CXLII) ( 1 . 5 g) in benzene e x t r a pure c r y s t a l l i z d o l e (20 ml) , 
dimethylamine (40%) s o l u t i o n ( 2 . 9 8 ml) was added g radua l ly 
over s t i r r i n g f o r half an hour a t room t e m p e r a t u i e . I t was 
allowed t o s tand fo r 2 days at room t e m p e r a t u r e . Solvent 
was evapora ted in vacuum, and t h e r e s i d u e was r e d i s s o l v e d in 
e t h e r . E t h e r e a l l a y e r was washed s u c c e s s i v e l y with wat^'r 
s e v e r a l t i m e s , very d i l u t e h y d r o c h l o r i c ac id s o l u t i o n , wate r , 
sodium o i c a r b o n a t e s o l u t i o n (5%) and water , and d r i e d over 
anhydrous sooium s u l p h a t e . C r y s t a l l i z a t i o n from chloroform-
methanol a f forded t h e compound (CXLIII) as c l u s t e r of neeoles 
( l . l g ) , m.p, 265 . Compound (CXLIII) showed a nega t i ve 
B e i l s t e i n ' s t e s t . 
Ana lys i s found : C, 7 8 . 9 9 ; H, 1 1 . 2 5 ; N, 2 .98 
'^3l"53'^°2 ^^q^ i^^s : C, 7 9 . 0 1 ; H, 11 .26 ; N, 2.91% 
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IR : ^ . l^SO ( -0-C=0) , 1650 (C=C), 1220-1040 cm ^ 
(G-N)^^, 
•••H-NMR : d 5 .89 spt(C3-QH), 3 .09 and 2 .74 s(H3C-N-CH3), 
2 .13 sC-O-CO-CH^), 1.34 sCClO-CH^), 0 .86 and 
0 . 8 4 d(C25-2xCH3), 0 . 9 0 d(C20-CH3), 0 .66 s 
(CI3-CH3). 
•^ ^C-NMR : d 169.55 ( -0-C=0) , 138.47 (C-5) , 135.54 (C-6) , 
75 .10 (C-3 ) , 47 .98 and 44 .78 (H3C-N-CH3), 21.40 
(H3C-CO-O-), 22 .78 (C-27) , 22 .53 (C-26) , 21.33 
(C-19 ) , 18.64 (C-21 ) , 11.75 ( C - 1 8 ) . 
Mass : Mt 471 
Reaction of 3S-acetoxy-5.6B-dibromo-5a-cholestane (CXLIl) with 
diethanolamine ; 3t3-Acetoxv-5--bromo-6B-hvdroxY-5a-cholestane 
(CXLIV) : 
3p-Acetoxy-5,6p-dibromo-5a-cholestane (CXLII) (1.5 g) 
in benzene crystallizable (20 ml) was treated with diethanol-
amine (1.45 ml) in a manner described for the compound (CXLIII). 
Work up of the reaction mixture in the usual manner followed 
by evaporation of the solvent gave a residue which was crysta-
llized from acetone with traces of methanol, furnished the 
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compound (CXLIV) (1.2 g), m.p. 136°. Compound (CXLIV) gave 
a positive Beilstein's test. 
Analysis found : C, 66.29; H, 9.33 
^29^49^3^^ requires : C, 66.30; H, 9.34%. 
IR : ^ 3450 (0-H), 1750 (-0-C=0), 1250 (C-O-C), 
1040 cm"-"- (C-0). 
•••H-NMR : d 5.47 spt (C3-aH), 4.82 dd (C6-aH), 2.16 s(O-H), 
2.04 s(H3C-C0-0), 1.45 sCClO-CH^), 0.90 d(C20-CH3), 
0.85 and 0.87 d(C25-2xCH3), 0.70 (CIS-CH^). 
•^ C^-NMR : d 170.34 (-0-C=0), 88.09 (C-5), 72.00(C-3 and C-b), 
21.30(H3C-CO-0), 22.79 (C-27), 22.54 (C-26), 20.10 
(C-19), 18.64 (C-21), 12.18 (C-18). 
Mass : MT 524/526 (l:l). 
Reaction of 3g-acetoxv-5.6B-dibromo-5a-cholestane (CXLII) with 
succinimide : 3B-AcetoxY-5-bromo-60-succinimido-5a-cholestane 
(CXLV) : 
Reaction of 3f3-acetoxy-5,6p-dibromo-5a-cholestane 
(CXLII) (1.5 g) in benzene crystallizable (20 ml) with succi-
nimide (.147 g) was carried out in a manner, described for 
compound (CXLIII). The ethereal layer was washed several times 
with water, dried over anhydrous sodium acetate. Solvent 
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e v a p o r a t e d , and t h e r e s i d u e was c r y s t a l l i z e d f rom a c e t o n e t o 
a f f o r d compound (CXLV) ( 1 . 3 g) m . p , 129 . I t g a v e a p o s i t i v e 
B e i l s t e i n ' s t e s t . 
A n a l y s i s found : C, 6 5 . 3 5 ; H, 8 . 5 9 ; N, 2 . 3 1 
^ 3 3 ^ 5 2 ^ ^ 4 ^ ^ r e q u i r e s : C, 6 5 . 3 6 ; H, 8 . 5 9 ; N, 2 .31% 
IR : i> 1750-1730 ( - 0 - 0 = 0 and 0 - C - N - C = 0 ) , 1 2 5 0 ( C - 0 - C ) , 
max 
1250 -1040 ( C - N ) , 1040 cm""^ ( C - O ) . 
•••H-NMR : d 5 . 4 7 s p t ( C 3 - a H ) , 4 . 8 2 d d ( C 6 - a H ) , 2 . 1 6 b r s 
(methylene protons of imide ring), 2.03 s(H^C-CO-C; 
1.45 s(C10-CH3), 0.90 d(C20-CH3), 0.84 and 0.87 d 
(C25-2XCH3), 0.70 (CI3-CH3). 
•"•^ C-NMR : d 170.35 (0=C-N-C=0, -0-C=0), 30.90 (methylene 
carbons of imide ring), 21.32 (H3C-O-CO-), 88.11 
(C-5), 72.01 (C-3), 56.10 (C-6), 22.80 (C-27), 
22.55 (C-26), 20.10 (C-19), 18.65 (C-2l), 12.19 
(C-18). 
Mass : ut 605/607 (l:l). 
Reaction of 3e-'Chloro-5.6B-dibromo-5a-cholestane (CXLVI) with 
succinimide ; 3B-Chloro-5-bromo-6B-amino-5a-cholestane(CXLVII;: 
To a solution of 3p-chloro-5,6p-dibromo-5a-cholestane 
(1.5 g) in benzene crystallizable extra pure (20 ml) was added 
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gradually succinimide (1.45 g) over continuous stirring for 
half an hour at room temperature. The reaction mixture was 
allowed to stand for 4 days. Solvent was evaporated in vacuum, 
and the residue was taken in ether. The ethereal layer was 
washed several times with water and dried over anhydrous sodium 
sulphate. Crystallization from chloroform-methanol afforded 
compound (CXLVII) (1.15 g) m.p. 114 . It gave positive 
Beilstein's test. 
Analysis found : C, 64.67; H, 9.39; N, 2.80 
C^yH^^NBrCl requires : C, 64.69; H, 9.38; N, 2.79%. 
IR : ^ 3500 (N-H), 1220-1020 (C-N), 750 (C-Cl), 
670 cm""*" (C-Br). 
-••H-NMR : 0 4.81 dd(C6-aH), 4.65 spt (C3-aH), 1.46 s(C10-CH2), 
0.91 d(C20-CH3), 0.88 and 0.86 d(C25-2xCH3), 0.71 
s(C13-CH3). 
-'•^ C-NMR : a 89.42 (C-5), 57.35 (C-3), 55.45 (C-6), 22.79 
(C-27), 22.54 (C-26), 20.28 (C-19), 18.64(C-2l), 
12.17 (C-18). 
Mass : MI 499/501/503 (4:4:1). 
Reaction of 3B-chloro-5.66-dibromo-5a-cholestane (CXLVI) with 
diethanolamine : 36-Chloro--5-bromo-6B-nitro-5a-cholestane 
(CXLVIII) : 
3p-Chloro-5,6p-dibromo-5a-cholestane (CXLVI) (1.5 g) in 
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Denzene crystallizable (1.44 ml) was treated with diethdnol 
amine in the manner described for compound (CXLVII). Usual 
work up of the reaction mixture and crystallization from chloro-
form furnished product (CXLVIII) (0.98 g), m.p. 140 . Compound 
(CXLVIIl) gave a positive Beilstein's test. 
Analysis found : C, 61.02; H, 8.47; N, 2.63 
^27^45^^2^-^^^ requires : C, 61.02; H, 8.48; N, 2.64^. 
IR ' ^^ ^ 1210-1020 (C-N), 950-960 (N-O)^ "*-, 735 (C-Cl), 
655 cm"-"- (C-Br). 
•••H-NMR : 0 4.81 dd(C6-aH), 4.65 spt (C3-aH), 1.47 s(C10-CH2) 
0.91 d(C20-CH3), 0.87 and 0.85 d(C25-2xCK3), 0.7] 
s(C13-CH3). 
•"-^ C-NMR : d 89.45 (C-5), 57.38 (C-3), 55.48 (C-6), 22.80 
(C-27), 22.56 (C-26), 20.31 (C-19), 18.67(C-21), 
12.20 (C-18). 
Mass : MT 529/531/533 (4:4:1). 
Reaction of 3B-hvdroxv-5.6B-dibromo-5a-cholestane CCXLIX; with 
morpholine : 33-Hydroxy-6-morDholinocholest-5-ene (CL) : 
3p-Hydroxy-5,6P-dibromo-5a-cholestane (CXLIX) (1.5 g) in 
benzene crystallizable extra pure (20 ml) reacted with mornno-
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line (1.29 ml) over stirring for 1 hr. Reaction mixture was 
allowed to stand for 3 days at room temperature. Solvent was 
evaporated in vacuum and the residue was extracted with ether. 
Ethereal layer was washed several times with water and dried 
over anhydrous sodium sulphate. The oil obtained after evapo-
ration of the solvent was chromatographed over silica gel (30 g) 
Elution with light petroleum ether : ether (25:2) afforded an 
oil (1.19 g). 
Analysis found : C, 78.98; H, 11.26; N, 2.97 
^3l"53^^2 requires : C, 78.99; H, 11.25; N, 2.97%. 
IR : i> 3500 (0-H), 1660 (C=C), 1185-1110 (C-N), 
1075 cm"-^  (C-0). 
•'•H-N^AR : d 4.4 mc (C3-aH, Wl/2 = l6Hz, axial), 3.6 t 
(-CH2-N-CH2), 2.7 brs (-CH^-O-CH^-), 2.16 s(C-H), 
1.31 s(C10-CH3), 0.70 (CI3-CH3), 0.90, 0.85 
(other methyl protons). 
Reaction of 36-hvdroxv-5.6B-dibromo-5a-cholestane (CXLIX) with 
succinimide ; 3B-Hydroxv-6-succinimidocholest-5-ene (CLI) : 
3p-Hydroxy-5,6^-dibromo-5a-cholestane (CXLIX) (1.5 g) in 
benzene crystallizable extra pure (20 ml) was treated with 
succinimide (1.43 g) in the similar way, as described for com-
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pound ( C L ) . After usual work up, the compound thus obtaineo 
Was chromatographed over s i l i c a gel (30 g) . Elution with light 
petroleum ether : ether (100:3) furnished an oi l (CLI) (0.87 g). 
Analysis found : C, 77.04; H, 10.15; N, 2.90 
^31^49^*^3 ^eq'Ji^es : C, 77.03; H, 10.14; N, 2.89%. 
IR : r^r. V I'^ SO (0=C-N-C=0), 1640-1675 (C=C), 3350 (O-H), 
1220, 1160 cm"-^  (C-N). 
-'•H-NMR : 0 4.85 mc(C3-aH, Wl/2 = l6Hz, axia l ) , 2.18 brs 
(0=C-CH2-CH2-C=0), 2.17 s(O-H), 1.20 (CIO-CH3), 
0.69 (CI3-CH3), 0.93, 0.87, 0.84 (other methyl 
protons). 
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CHAPTER-V 
ACYLATION REACTIONS 
WITH STEROIDAL OLEFINS 
Theoretical 
In connection with the history of the Friedel-Crafts 
reactions, it was Zincke , who first observed the conden-
sation of alkyl and acyl halides with aromatic hydrocarbons 
in presence of metal powders (Ag, Cu, Zn). These were, how-
ever, Friedel and Crafts who established that the active 
catalysts in these and related reactions were indeed the 
metal halides formed in situ. Friedel-Crafts type reactions 
were carried out successfully by using (alkyl, aralkyl, acyl, 
sulphonyl, nitryl) halides and elementary halogen etc. in the 
presence of metal powders, instead of preformed anhydrous 
metal halides. 
2 
Zinc chloride is a fairly selective and mild catalyst, 
and its use is advantageous in many reactions where halides 
or alcohols are required to react selectively with olefinic 
double bonds, whereas other more powerful catalysts including 
aluminium chloride react with all functional groups present 
in the molecule and show no selectivity, and are consequently 
less suitable for these reactions. ZnCl2 shows covalent nature 
in solution. ZnCl2 is monomeric in nature as other metal 
: 261 : 
halides show dimeric properties. Zinc chloride is used as a 
Friedel-Crafts catalyst for alkylation, acylation, haloalkyla-
tion, polymerization, isomerization, Houben-Hoesch reactions. 
The method has achieved widest applications in the ring halo-
genation (especially chlorination and bromination) of aromatics, 
protection of keto group, cyclization, and also for preparation 
of the biologically active compounds such as drugs, agrochemi-
cals, and medicines (antibacterial, antiinflammatory, analgesic 
antimicrobial etc.). 
3 
Ruzicka et al. reported acylation of 1-methyl cyclo-
hexane. Condensation of 1-methyl-cyclohexene (I) with acetyl 
chloride in presence of stannic chloride furnished l-acyl-2-
methylcyclohexene (II). 
CH3COCI 
SnCl. ;H' 
(I) (II) 
Braude et al. reinvestigated the reaction and suggested 
the product to be a mixture of isomers (II) and (III) on the 
basis of spectral properties. 
262 
(ID (III) 
Reaction of pure 1-methylcyclohexene (I) with acetyl 
chloride followed by treatment of methanolic NaOH (or with 
diacetylaniline) was reported by Turner and Voitle who 
4 
supported the view that an equilibrium mixture of 1-acetyl-
2-methyl- A -cyclohexene (ll) and l-acetyl-2-methyl- A -
cyclohexene (III) is obtained. 
'CH3 CH3COCI 
Meth.NaOH 
(I) (II) (III) 
Turner and Voitle carried out the studies on various 
acyl derivatives including their preparation from the suit-
able starting compounds like substituted cyclohexene (I and 
IV) and oenzene (V-VIl) using CH3COCI and NaOH methanolic. 
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( I ) 
(IV) 
R 
H 
Alkyl 
(V) 
(VI) 
(VII) 
R 
H 
H 
CH^ 
R' 
H 
CH 
CH 
Compound (I) gave a mixture of isomeric compounds (II) 
and (III) under the appropriate conditions. It was noted 
that sterically two planar structures are possible for the 
vicinal methyl acyl derivatives such as (lla) and(IIb). 
V. 
3^ 
,CH, 
(Ila) (lib) 
The syn thes i s of p,Y-unsaturated ketones from acid 
anhydrides and zinc ch lor ide i s found to be e f fec t ive only 
for simple anhydrides and o l e f i n s . Beak and Berger carr ied 
out the conversion of 1-methyl cyclohexene (XIII) and methyl-
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ene-cyc lohexane (XV) t o 6 - a c e t y l - l - m e t h y l c y c l o h e x e n e (XIV) 
and 1 -cyc lohexeny l - ace tone (XVI) r e s p e c t i v e l y . 
(CH3C0)20 
ZnClo 
( X I I I ) 
(CH3CO)20 
ZnCl, 
(XIV) 
(XV) CXVI) 
g 
Groves and Jones c a r r i e d out t he r e a c t i o n of 1-a lkyl 
cyclohexene (XVII) with Ac20-ZnCl2, which gave a c e t y l - a l k y l 
cyclohexenes (XVIII and XIX) in good y i e l d s , t o g e t h e r with 
small amounts of t h e i somer ic l - a c e t y l - 2 - a l k y l i d e n e c y c l o -
hexane (XX). 
: 26^ 
(CH3C0)20 
ZnCl. 
-H 
O 
+ 
(XX) (XIX) (XVIII) 
It was further reported that the acylation reaction of 
1-alkylcyclopentene (XXI) with acid anhydride and zinc chlo-
ride afforded 5-acyl-l-alkyl cyclopentene (XXIIa, XXIIb), 
l-acyl-2-alkylidene cyclopentane (XXIIIa, XXIIIb), l-acyl-2-
alkyl cyclopentene (XXIVa, XXIVb) and l-acetoxy-5-acyl-l-alkyl 
cyclopentane (XXVa, XXVb), with the exception of 1-methyl 
cyclopentene (XXIa) which yields a mixture of 5-acetyl-l-
methyl cyclopentene (XXIIa) and l-acetyl~2-methyl cyclopentene 
(XXIVa) in a ratio of 3:2. 
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R1 
(R'^C0)20 
ZnCl, 
^ ' ' ^ / f l -
(XXI) (XXII ; (XXII I ) 
0 
x.-^  
2 
1 + 
r V ^ R -
(XXV) 
( a ) 
( b ) 
,1 
H 
CH. 
n-C3Hy 
CH, 
(XXIV) 
R2 
( b ) 
( a ) CH. 
C^H, 
i—C -^ jH,, 
(CH3C0)20 
ZnCl , 
(XXIaJ (XXIIa ) (XXIVa) 
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Fujimoto and Prager have described the pro tec t ion of 
keto function by acy la t ion . When 5,20~diketo-3,5-seco-A-
norpregnan-3-oic acid (XXVI) i s t r e a t e d with ace t i c anhydride 
and ace ty l ch lo r ide , 5-hydroxy-20-acetoxy-4-norpregna-5,17-
d i en -3 -o i c -3 ,5 - l ac tone (XXVIl) i s obtained. 
HOOC 
CH3COCI 
(CH3CO;20 Q A V 
(XXVI) (XXVII) 
B . S . W i l d i h a s r e p o r t e d t h a t when 3 p - a c e t o x y - 5 - k e t o - 5 , 
7 - s e c o - 6 - n o r c h o l e s t a n - 7 - o i c a c i d (XXVII l ) was r e f l u x e d i n 
AC2O-ACCI, 3 p - a c e t o x y - 6 - o x a c h o l e s t - 4 - e n - 7 - o n e (XXIX), a c y c l i -
zed p r o d u c t , was o b t a i n e d , which c a n a l s o be t a k e n a s a c a s e 
of i n t e r n a l a c y l a t i o n . 
CgHj_y 
(CH3C0;20 
A c O " ^ \ ^ ^ ^ GOOH 
CH3COCI 
(XXVII I ; (XXIX) 
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Acyl ferrocene, used for the preparation of ferrocene 
12 derivatives, reported by Maryanoff , are generally available 
13 
via the Friedel-Crafts ketone synthesis . Acylation studies 
on substituted ferrocenes (XXX) have defined substituent 
13 14 directive effects * . Acyl, cyano, carboxy, halo and amido 
groups give almost exclusively heteroannular acylation, whereas 
alkyl, aryl groups give possible isomers with a homoannular and 
heteroannular ratio around 1:1, 
A. 
-CH2COOCH3 
-CH, 
(XXX) 
-C6"5 
-COC.H. 6 o 
-COOH 
Ferrocenyl acetonitrile (XXXI) reacts with acetic an-
hydride and AICI3, under Friedel-Crafts conditions, to give 
largely heteroannular substitution (XXXIl) (80?^), and homo-
annular substitution (XXXIII and XXXIV) 203^ . 
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CH^CN / A y - C H 2 C N MeOC-^f^VC 2 
Fe 
(CH3Co;20 
A l C l ^ 
Fe 
o # COMe 
Fe 
^ 
COMe 
H2CN 
Fe 
O, 
(XXXI) (XXXII) (XXXIII ) (XXXIV) 
By c o n t r a s t a c y l a t i o n r e a c t i o n s of m e t h y l f e r r o c e n y l 
a c e t a t e (XXXV) and m e t h y l f e r r o c e n e (XXXIX) g a v e m i x t u r e s 
of 3 p o s s i b l e i s o m e r s (XXXVI-XXXVIII) and (XL-XLII) r e s -
p e c t i v e l y . 
( r ^ CH20AC 
(CH3C0)20 
Fe A l C l . 
COMe 
^ ^ ^ ^ C H 2 0 A c AfeOC-<'r^CH20Ac ^ f ^ V C H 2 0 A c 
F e 
COMe 
F e 
# 
Fe 
^ 
(XXXV) (XXXVI) (XXXVII) (XXXVIII) 
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COMe 
# 
Me 
Fe 
^ 
CCH3C0)20 
A l C l o 
# 
Me MeOC 
Fe 
i^ COMe 
Fe + 
O 
(XXXIX) (xu (XLI) (XLII) 
15 Tatsuo e t a l . reported exclusive o r tho -a -ch lo ro -
ace ty la t ion of phenols . Subs t i tu ted phenols (XLIII) on 
reac t ion with c h l o r o a c e t o n i t r i l e in presence of BC1„ and 
AlClo in C^2^^2'^^6^6 ^"^^^^ ref lux and af te r workup under 
ac idic condit ion gave 2-hydroxy-a-chloroacetophenone (XLIV) 
exc lus ive ly . 
(XLIII) 
(i) CICH^CN 
( i i ) B C l 3 , A l C l 3 , 
CH^Cl^ 
H3O 
AlCl 
CH2CI 
(XLIV) 
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Alberola et al. reported the preparation of 4a-acylated 
isoxazoles. Substituted isoxazole (XLV) deprotonated with 
bases at the C-4a position. The resulting carbanions undergo 
acylation reaction to afford 4a-acylisoxazole (XLVI). 
0 
N 
R -Cf^^ 
OH 
R -CFf 
(XLV) 
R 
-CN 
2 D 
-COOC(CH3)3 
! 
CHoCOCl N 
R-CH 
COCH 3 
(XLVi; 
17 Przhiyalgovskaya and coworkers , reported acylation of 
Fischer's base (XLVIl) by acid chlorides to obtain indolines 
(31-84%) (XLVIII). 
-"^CH. 
(XLVII) 
RCOCl 
N- -CH 
CH3 COR 
(XLVIII) 
R 
Alkyl 
Aryl 
Hetaryl 
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3 , 6 - D i - t - b u t y l - 2 - a c y l d i h y d r o p y r r o l o [ 3 , 2 - b ] p y r r o l e ( L ) , 
u se fu l as i n t e r m e d i a t e for d rugs and ag rochemica l s , was p r e -
1 ft pared by Mukai e t a l . . A mix tu re of DMF, POCI3 and 3 , 6 - d i -
t ~ b u t y l d i h y d r o p y r r o l o [ 3 , 2 - b ] p y r r o l e (XLIX) in CH2CI2 was s t i -
r r e d , and t o t h i s r e s u l t i n g s o l u t i o n , AC^ aq . NaOAc added and 
t h e mix ture was f u r t h e r r e f l u x e d t o g ive (L) {90%), 
(XLIX) 
DMF,P0Cl3 
NaOAc 
H 
I 
N 
I 
H 
(L) 
.COCH 3 
19 Bartmann e t a l . r e p o r t e d a s y n t h e s i s f o r furans ( L I l ) 
by t r e a t i n g cyc lopropene (LI) wi th a c y l a t i n g agent RgCOCl, 
Bu^N'^'Br" and AlCl^ . 
2 
R COCl 
Bu.N+Br", AlCl. 
Ph .Ph 
R ^ ^ O ^ ^ l 
( L I I ) 
R- R^  
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Stereochemistry of acylation of unsaturated compounds 
with dicarboxylic acid chlorides was reported by Melikyan et 
al. . Treating 1,3-butadiene (LIIl) with diacetyl chloride 
[n=6,8] in CH2CI2 containing AICI3 gave (LIV) [n=6,8]. Chloro-
prene (LV) reacted with same acid chloride to give (LVI) which 
gave (LVIl) on treatment with Et^N. 
(LIU) 
CI 
II CH2CI2 
(CH^)^ t l A ic i ' 
O 0 
HC 
HCJ^H 
(CH^), 
(LIV) 
(CH=CH)2H 
CI 
^ = ^ ^ % i 
(LV) 
0 0 
• A 
(CH2)?r CI 
Et3N 
(LVI) 
A c y l a t i o n of a l k y l copper z inc r e a g e n t s by acy l c h l o r i d e s 
was r e p o r t e d by Knochel e t a l . 2 1 Reac t ion of (LVIII and LIX) 
wi th R'COCl gave (LX,LXI). T r a n s m e t a l a t i o n of (DCII) with 
CuCN,2LiCl and a c y l a t i o n with BzCl gave d i k e t o e s t e r (8O516) 
( L X I I I ) . 
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R Cu(CN)ZnI 
R'COCl 
R 
(LVIII ) Alkyl 
(LIX) Cyclohexyl 
0 
R— C R' 
R 
(LX) Ph 85% 
(LXI) Ph 845^ 
Znl 
(LXII) 
CuCN.2LiCl 
0°C 
(LXIII) 
22 Hiroi et a l , presented a novel method for furan anne-
l a t i on by r e g i o s e l e c t i v e acy la t ion of v inyl ic sulphides v i a - a -
s i l y l in te rmedia tes . AlClo catalyzed acyla t ions of vinyl ic 
phenyl su l f ides (LXIV) [n=4,5] with Me(CH2)mC0Cl [m=2,3,5,6] 
were car r ied out v i a - a - s i l y l intermediates (LXV) t o give 
Y-acylated v iny l i c sulphides (LXVI) with complete r eg iose lec t i -
v i t y . Treatment of (LXVI) with cone. H2SO. in ref luxing 
27b 
benzene led to the formation of a-phenylthiofurans (LXVII) 
[R=MeS] which on reductive desulfurization with Raney Nickel 
afforded corresponding furan derivatives (LXVIII). 
P^. 
(LXIV) 
.SiMe3 
CH2)n 
(LXV) 
Ph 
(K^(CH_) Me 
-(CH^);; 
^\^ °\^(CH^) Me 
-(CH.)^ 
(LXVI) R 
(LXVII) SMe 
(LXVIII) H [n=4,5] 
The acylation of a variety of olefins, including natural 
products with acetylhexachloroantimonate in CH^Cl^ at -50° to 
-25 C in the presence of a hindered 3° amine affords only 
p,Y-unsaturated ketones (table-I). The reaction was carried 
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23 
o u t by Hoffmann and Tsush ima , s u g g e s t i n g t h a t t h e d e c o n j u -
g a t e d enone i s fo rmed and t h a t a number of so c a l l e d a l i p h a t i c 
F r i e d e l - C r a f t s r e a c t i o n s h a v e t o be r e c o n s i d e r e d m e c h a n i s t i c a l l y 
a s a f u n c t i o n of c o u n t e r i o n , r e a c t i o n medium, t e m p e r a t u r e , and 
mode of work u p . 
T a b l e - I 
Compound P r o d u c t Y i e l d 
IR 
max 
'H-NMR 
d (ppm) 
26 1712 2 . l ( s , CH3CO), 
3 . 0 ( b r m , CH_COCH) 
O I 
5 ,81 (m, o l e f i n i c Hs) 
ClXIX) (LXX) 
(XV) (XVI) 
r° 
(LXXI) (LXXII) 
73 1710 2 . 0 3 ( s , CH3CO) 
2 . 9 2 ( s , CH2COCH3) 
5 . 5 2 ( b r m , o l e f i n i c H) 
79 1712 1 .73(m, o l e f i n i c CH3) 
2 . 0 7 ( s , CH3CO), 3 . 0 6 ( s , 
CH2COCH3), 4 . 8 - 4 . 9 3 ( m , 
o l e f i n i c Hs) 
1 0 - 2 0 1710 0 . 8 3 ( s , gem CH3), 1 . 3 ( s , 
gem CH3), 2.05(s, CH3CO) 
5.4(brm, olefinic H) 
LXXIII) (LXXIV) 
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1710 1.73(brs, olefinic CH^), 
1.67(brs, olefinic CH^), 
2.13(s, CH3CO), 4.7(m, 
=CH^), 5.6(brm, olefinic 
H). 
25 1710 1.67(brs, olefinic CH3) 
2.07(s, CH3CO), 3.07(brs, 
CH2COCH3), 4.87-4.97(m, 
=CH2). 
(LXXVII) 
(LXXVIII) 
45 1710 1.67(m, 2 olefinic CH3), 
2.08(s, CH3CO), 3.08(brs, 
CH2COCH3), 5.38(brin, 
olefinic Hs). 
(Lxix; 
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24 Wells et al. reported that the reaction of hydrobenza-
mide (D(XX) with acid chlorides i n presence of Et2N» gives 
l-acyl-2,4,5-triphenyl-3-imidazolines (LXXXI). 
Ph Ph 
H-N 
Ph 
(LXXX) 
RCOCl 
Et3N 
Ph Ph 
N 
ex 
0 
Ph 
(LXXXI) 
R 
6 D 
CCl, 
CH2N3 
Reaction of compound (LXXXII) with RCOCl in ether gave 
acyl phosphonites (LXXXIII) and (LXXXIV)^^. 
EtO 
OEt 
OEt 
(LXXXII) 
RCOCl 
EtO 
\ O 
Ether 
EtO 
/ 
R 
(LXXXIII) 
R 
CH3 
CH(CH3)2 
C(CH3)3 
OEt 
EtO 
P 
/ \ 
OEt 
OEt 
OEt 
(LXXXIV) 
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A general procedure has been developed by Sheehan and 
Ryan'^ ^ which furnishes p-lactams bearing an amino function 
and to the lactam carbonyl, a combination of structural fea-
tures present in penicillin. By interaction of diacylamino-
acetyl chloride and benzalaniline (LXXXV) is obtained. 
(LXXXV) 
(LXXXV I) 
A convenient synthesis of a-amino-^-lactams has been 
27 
reported by A.K. Bose and coworkers . a-Azido-p-lactams 
(LXXXVIII) was obtained from the reaction of a-azido acid 
chloride with imine (LXXXVIl) in presence of Et3N. Azide 
group on facile catalytic reduction afforded a-amino-p-
lactams (LXXXIX). 
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(LXXXVII) 
N3CH2COCI 
Et3N 
R 
(LXXXVIII) N, 
(LXXXIX) NH 2 
Steroidal alkaloid (XCII) prepared by cyclization of 
P-chloroamide (XCI) obtained from 3a-aminocholestane (XC) 
by the reaction with p-chloroacyl chloride. 
^8^17 
(XC) 
ClCH2CMe2C0Cl 
-^ 0 
NaH / 
yoMso 
(XCI) 
(XCII) 
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The synthes is of N-subs t i tu ted-2-aze t id inones (XCIV) was 
achieved by the cycloaddi t ion of azidoacetyl ch lor ide to the 
corresponding a ,a-dibenzyl ideniminotoluene (XCIII) [hydro-
benzamide] in the presence of t r ie thy lamine followed by 
hydrolysis 28 
(XCIII) 
R 
H 
OCH, 
(i) N3CH2COCI 
R ^ 
Et3N 
(ii) 10% HCl 
(XCIV) 
29 Sheehan and Ryan prepared 2-phenyl-a-phthalimido-2-
thiazolidine acetic acid ^-lactam (XCVI) by the reaction of 
2-phenyl-2-thiazoline (XCV) with phthaloylglycyl chloride in 
the presence of Et^N under high dilution conditions. The 
chemical and physical properties of this p-lactamthiazolidine 
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(XCVI) cor respond c l o s e l y t o the behaviour of p e n i c i l l i n s 
Ph s 
(XCV) 
EtgN 
(XCVI) 
30 Sa to e t a l . r e p o r t e d an e f f i c i e n t s y n t h e s i s of 4 - a c y l -
5 -hyd roxy -3 -me thy l i soxazo l e s through an a c y l t r a n s f e r r e a c t i o n 
A c y l a t i o n of 3 - m e t h y l - 3 - i s o x a z o l i n e - 5 - o n e (XCVII) with RCOCl 
gave 1-and S -acy l d e r i v a t i v e s (XCVIII and XCIX) which in the 
p re sence of 4 -d ime thy laminopyr id ine in benzene underwent acyl 
t r a n s f e r t o g i v e (C) . 
Base C a t a l y s i s 
f -, 
ArCOCl 
cf^o NH 
Ar 
N 
• 0 - N. 
Ar 
0- ^ 0 " ^O 
(XCVII) (XCVIII) (XCIX) 
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O 
4-DMAP J\ 
(XCVIII) or (XCIX) > Ar 
H C r ^ O 
N 
(C) 
31 Harding e t a l . performed t h e r e a c t i o n of l i t h i o d i a n i o n 
of methyl h i p p u r a t e (CI) wi th ac id c h l o r i d e s and obta ined C-
a c y l a t e d p roduc t ( C I l ) . A c e t y l c h l o r i d e g ive s s i g n i f i c a n t l y 
lower y i e l d s t han h ighe r homologues. 
(CI) 
OCH32Li"^ RCOCl 
( c i i ; 
R 
Alkyl 
S y n t h e s i s of enamides and amides by h y d r o z i r c o n a t i o n -
a c y l a t i o n of Sch i f f bases c o n t a i n i n g a-hydrogen i s achieved 
by Kai S Ng e t a l . ^ ^ s c h i f f ' s base ( imine) ( C I I I ) r e a c t s with 
h y d r i d o c h l o r o d i c y c l o p e n t a d i e n y l z i rconium [Cp^Zr(H)Cl] and 
284 
then with ace ty l chlor ide t o give enamide (CIV) and amide (CY) 
as products , S c h i f f s base (CVI) derived from 2-methyl cyclo-
hexanone r e a c t s with high r e g i o s e l e c t i v i t y to give the enamides 
(CVII and CVII l ) . The thermodynamically more s tab le enamide 
(CVII) being formed as the major product (80^) . 
(cm; 
Cp2Zr(H)Cl 
^6^6 
CH COCl 
\ 
' - % 
c^\ 
N" 
Ph 
(cv) (CIV) 
N Ph 
CH3COCI 
Cp2Zr(H)Cl 
N Ph 
(cvi; (CVII) (CVIII) 
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Corbett e t a l , reported acyla t ion of hydroxylamine (XIX) 
with AcOCH^COCl to give acetoxyacetylaminofluorene (CX). N-
acetoxy-N-glycolyl-2-aminofluorene (CXi) i s formed by react ion 
of (CX) with t o l y l e ther and ace ty l chlor ide v i a an intramole-
cu la r acyl migrat ion. 
ACOCH2COCI 
(CIX) (CX) 
,OAc 
CH3COCI , 
^ TlOEt 
(CXI) 
Condensation of quinazolone (CXIl) by R*CH=CRC0C1 in DMF 
containing Et3N gave 36-70% acylated derivatives (CXIII-CXIV) 
which underwent intramolecular cycloaddition at 250-260°C to 
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give pyrimidoquinazolinediones (CXV-CXVI). Acylation of 
2-methyl derivatives of (CXVIl) gave acylated quinazolones 
(CXVIII-CXIX) 34 
NH R'CHCRCOCl 
DMF, ^ 
N ^ ^NH2 Et3N 
(CXII) 
250-260° 
R 
(CXIII) CH, 
(CXIV) H 
R' 
H 
CH, 
R 
(CXVI) H 
R' 
(CXV) CH3 H 
CH, 
R'CHCRCOCl 
DMF,Et3N 
(CXVII) R R' 
( O V\ / T T T \ 
Discussion 
The most important method for preparation of ketone is 
35 
Friedel-Crafts acylation . The reaction is of wide scope. 
Reagents used are acyl halides, carboxylic acids, acid anhy-
drides and ketenes. Cyclic systems can be acylated by a 
free-radical mechanism . An important synthetic limitation 
of Friedel-Crafts reaction is that rearrangement frequently 
takes place in the reagent. Our studies on the various modes 
of modification of steroids prompted us to investigate similar 
reactions with steroidal substrates in order to get the acyl 
derivatives for further reaction monitoring cyclization to 
give another ring attached to the steroidal framework. As a 
part of i n i t i a l study, cholest-5-ene (CXXI) prepared from 
chlorocholest-5-ene (CXX), was allowed to react with different 
acylating agents such as acid anhydrides and acid chlorides 
in presence of lewis acids. The products obtained were separa-
ted and purified. The structures of the compounds have been 
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established by analytical and spectral studies. 
CoH 8" 17 
CI' 
/ ^ 
(CXX) (CXXI) 
Mechanisms proposed for the formation of some of the 
compounds, are tentative at this stage. 
Reaction of cholest-5-ene (CXXl) with acetic anhydride and 
zinc chloride : 6B-Acetylcholest~4-ene (CXXIl) : 
Cholest-5-ene (CXXI) was acetylated on the C6-position 
by treatment with acetic anhydride in presence of zinc chlo-
ride under anhydrous conditions. The work-up of the reaction 
mixture and column chromatography of the crude product gave 
the solid, m.p. 118°, alongwith the unreacted olefin (CXXI). 
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CgHj^ y 
(CXXI) (CXXII) 
Characterization of the compound, m.p, 118 . as bg-acetyl-
cholest~4-ene (CXXIl) : 
The compound, m.p, 118 was analysed for C^gH^gO, and 
its I.R, spectrum showed absorption bands at 1705 cm" (>c=0) 
and 1650 cm"" (C=C). The H-NMR spectrum of the compound 
(CXXIl) showed a sharp singlet at d 2.0, integrating for 3 
protons, which was assigned to methyl protons of acetyl group. 
The signals at d 3.03 and 4.95 as multiplets were ascribed to 
C6a-H and C4-vinylic proton respectively. On the basis of the 
analytical and spectral values, the compound, m.p. 118°, is 
characterized as 6p-acetylcholest-4-ene (CXXIl). 
Reaction of 6p-acetvlcholest-4~ene (CXXII) with hydroxylamine 
hydrochloride and sodium acetate trihvdrate t 66-Acetylcholest-
4-.en-l'-oxime (CXIIl) : 
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6p-Ace ty l cho l e s t~4 -ene (CXXIl) on r e a c t i o n with hydroxyl-
amine h y d r o c h l o r i d e and sodium a c e t a t e t r i h y d r a t e , a f t e r usual 
work up and column chromatography afforded an o i l . 
C=0 C=N-OH 
(CXXII) (CXXIII) 
Characterization of the oilv compound as 6B-acetvIcholest-4-
en-l«-oxime (CXIII) : 
The oil, analysed for C^nH^nON, has been characterized on 
the basis of elemental analysis and spectral data. The I.R. 
spectrum of the compound (CXXIII) showed absorption bands at 
1640 (C=N), 1620 (C=C) and 3280 cm"""- for hydroxyl group. The 
H-NMR spectrum was comparatively simple exhibiting a singlet 
at d 1,8 assigned to oxime methyl protons.The relatively upfield 
shift of the oxime protons as compared to the signal for the 
same protons in the ketone (CXXII) is of common occurrence 
The formation of oxime (CXXIII) confirmed the formation of the 
ketone (CXXII). 
Reaction of cholest-5-ene (CXXI) with propionic anhydride and 
zinc chloride : 68-Propanvlcholest-4-ene CCXXIV); 
Cholest-5-ene was allowed to react with propionic anhydride 
^ y j 
in presence of zinc chloride under anhydrous conditions at 
room temperature. Work up of the reaction mixture gave an 
oil which \was chromatographed over silica gel to afford a 
solid compound, m.p. 99°, along with the unreacted olefin 
(CXXI). 
(CXXI) 
Charac te r iza t ion of the compound. m,D. 99 as 6B-DroDanYl-
choles t -4-ene (CXXIV) : 
The compound, m.p. 99 , analysed for C^QH^QO indicated 
the presence of propanyl moiety in the product . The I.R. 
spectrum of the compound showed the s ign i f i can t bands at 1710 
(>C=0) and 1650 cm""^  (C=C). In the -"-H-NAAR spectrum of the 
compound a qua r t e t appeared at d 2.4 for methylene protons of 
propanyl group. The s ignals observed at 6 5.6 and 2.8 as 
mul t ip le t s were assigned t o C6-aH and C4-vinylic proton r e s -
pec t ive ly . Peaks a t d 1.63, 1.2, 1.08, 0 .85, 0.7 were ascribed 
to angular and s ide chain methyl pro tons . 
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Reaction of 6p-propanvlcholest-4-ene (CXXIV) with hvdroxyl 
amine hydrochloride and sodium acetate trihvdrate ;6g-Propanyl 
cholest-4-en-l'-oxime (CXXV) ; 
6P-Propanylcholest-4-ene (CXXIV) was allowed to react with 
hyciroxylamine hydrochloride in presence of sodium acetate tri-
hydrate under reflux temperature to furnish 6p~propanylcholest-
4-en-l'-oxime (CXXV). 
,o Characterization of the compound, m.p. 187 as 6B-propanyl-
cholest-4-en-l'-oxime (CXXV) : 
The compound (CXXV), m.p. 187° was analysed for C^^H^,NO. 
IR spectrum of the compound showed the bands at 1660 cm" and 
-1 3280 cm which confirm the presence of carbon nitrogen double 
bond (C=Nj and hydroxyl group (-0H) respectively. In the "^ H-NMR 
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a tnul t iplet appeared at d 3.25 can be assigned t o methylene 
protons of propanyl oxime group. Other s igna ls at d 1.23. 
1.2, 0 .93, 0 .85 , 0.77 can be ascribed to angular and s ide chain 
methyl pro tons . The formation of oxime (CXXV) fur ther con-
firmed the formation of the ketone (CXXIV). On the basis of 
the foregoing evidences, the compound i s charac ter ized as 
6P~propanylcholest-4-en-l*-oxime (CXXVj. 
Reaction of cholest--5-ene (CXXI) with ace ty l chlor ide in 
presence of zinc dust : 5,6P--Diacetyl-5a-cholestane (CXXVI) : 
Cholest-5-ene (CXXI^  was allowed t o reac t with acetyl 
ch lor ide in presence of zinc dust under moderate temperature. 
The reac t ion mixture a f t e r work up in the usual manner and 
column chromatography on s i l i c a ge l , afforded a semi solid 
compound (CXXVI). 
(CXXI) 
(CXXVI) 
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Characterization of the semi solid compound as 5.6B-<iiacetyl-
5a-cholestane (CXXVI) : 
The compound (CXXVI) was analysed for C2-j^ Hp^ 2^ 2* ^^ 
spectrum of the compound showed bands at 1705, 1710 cm 
attributed to two carbonyl (>C=0} groups with no indication 
of double bond, suggesting that double bond has undergone 
addition reaction. The •'•H-NMR signals at d 2.4 and 2.19 as 
two sharp singlets were assigned to six methyl protons of two 
acetyl groups. A broad multiplet appeared at d 2.42 for C6-aH, 
No signal was observed in the vinylic region, clearly discar-
ded the possibility of vinylic proton. These spectral data 
can best be rationalized by considering the compound as 
5,6p-diacetyl-5a-cholestane (CXXVI) for diacetyl derivative 
of (CXXI). 
Reaction of cholesterol (CXXVII) with acetyl chloride in 
presence of zinc dust ; 3B-Acetoxvcholest~5a-hvdroxv-6B(l*-
methvl) propanoic acid-d-lactone (CXXVIII) : 
Cholesterol (CXXVII) was treated with acetyl chloride in 
presence of zinc dust, to furnish compound (CXXVIII) as an 
oily fraction under moderate temperature, after usual work up 
and column chromatography of the reaction mixture. 
29b 
^8^17 
(CXXVII) 
(CXXVIII) 
C h a r a c t e r i z a t i o n of t h e o i l y compound as 3 g - a c e t o x v c h o l e s t -
5a-hYdroxv-66-Cl*-methvl )Dropanoic a c i d - d - l a c t o n e (CXXVIII) : 
The compound (CXXVIII), was analyzed f o r C^oH^^O.. IR 
spectrum of t h e compound showed s t r o n g ca rbony l abso rp t i on 
band of a c e t a t e moiety a t 1740 cm" . This broad band may be 
a t t r i b u t e d t o l a c t o n e f u n c t i o n a l i t y p r e sen t in t h e molecule . 
A medium s t r o n g band a t 1050 cm" occured for C-O-C s t r e t c h i n g 
v i b r a t i o n s . The H-NMR spect rum of the compound (CXXVIII) 
showed a sha rp s i n g l e t a t d 2 , 05 fo r t h r e e p r o t o n s of acetoxy 
group i m p l i e s t h a t C3-0H of c h o l e s t e r o l had undergone a c e t y l a -
t i o n . A m u l t i p l e t a t d 4 . 1 was appeared f o r a x i a l a-H a t C3 
38 
with a half band width of l6Hz. Multiplets at d 1.32 and 
d 1.38 were assigned to Cl'-aH and C6-aH respectively. A broad 
singlet observed at d 2.35 for two methylene protons of lac-
tone moiety. A doublet at d 1.16 was assigned for Cl-CH^. No 
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signal was observed for the vinylic protons in spectrum 
suggests that double bond of cholesterol has undergone addi-
tion reaction. These spectral data are in accordance with 
the structure (CXXVIIi;. 
Reaction of SB-acetoxycholest-S-ene (CXXIXj with acetvl-
chloride in presence of zinc dust : 36-AcetoXYCholest-5a-
hYdroxY-6B-(l*~methvl)propanoic acid-d-lactone (CXXVIII) : 
3p-Acetoxycholest-5-ene (CXXIX) was treated with acetyl 
chloride in presence of zinc dust under moderate conditions. 
The workup of the reaction mixture and separation of the pro-
duct through column chromatography afforded an oily compound 
(CXXVIII). 
CQH 
(CXXIX) 
8" 17 
(CXXVIII) 
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C h a r a c t e r i z a t i o n of t h e o i l y compound as 3 g - a c e t o x v c h o l e s t -
5g-hvdroxv-6fc i - ( l ' -methyl )propanoic a c i d - Q - l a c t o n e (CXXVIIl) : 
The o i l y compound was found t o have t h e molecu la r compo-
s i t i o n C^oH^O , same as t h a t of t h e produc t (CXXVIII) de r ived 
from t h e r e a c t i o n of c h o l e s t e r o l wi th a c e t y l c h l o r i d e under 
s i m i l a r r e a c t i o n c o n d i t i o n s . The compound (CXXVIII) showed 
t h e same s p e c t r a l p r o p e r t i e s as f o r t h e a c y l a t i o n product of 
c h o l e s t e r o l . 
Reac t ion of 3 6 - c h l o r o c h o l e s t - 5 - e n e (CXX) with a c e t y l c h l o r i d e 
in p resence of z inc dus t ; 3 B - C h l o r o c h o l e s t - 5 g - h y d r o x y - 6 g - ( 1 * -
methyDpropano ic d c i d - d - l a c t o n e (CXXX) : 
Reac t ion of 3 p - c h l o r o c h o l e s t - 5 - e n e (CXX) with a c e t y l 
c h l o r i d e , c a t a l y z e d by z inc d u s t , af forded t h e compound (CXXX) 
as an o i l a f t e r usua l work up and column chromatography. 
CgH^y 
(CXX) (CXXX) 
: 298 : 
Charac te r iza t ion of the o i ly compound as 3g-chlorocholes t -5a-
hvdroxv-6B-(l*-methylJ-propanoic ac ld-d- lac tone (CXXXj : 
The molecular composition of the product (CXXX) was found 
to be C i^Hp^^O^Cl (pos i t ive B e i l s t e i n ' s t e s t ) . IR spectrum of 
the compound (CXXX) exhibited strong (C=0) absorpt ion band for 
lactone moiety a t 1740 cm , A strong band at 1050 cm" appea-
red for (C-O-C) s t r e t ch ing v i b r a t i o n s . A strong band at 
770 cm" was due to (C-Cl) s t r e t c h i n g v i b r a t i o n s . In the 
H-NMR spectrum of the compound (CXXXI), mu l t ip l e t s appeared 
a t d 1.33 and 1.4 for Cl'-aH and C6-aH r e s p e c t i v e l y . A mul t i -
p l e t at d 3.3 (Wl/2 = IbHz) was a t t r i b u t e d to ax ia l C3-aH. A 
broad s ing l e t a t d 2.4 was present due to methylene protons of 
lactone moiety. For three protons of Cl-CH^ a doublet appea-
red at d 1.18. 
The formation of compounds (CXXVI-CXXX) can be explained 
by considering tha t the r e a c t i o n proceeds via a f r ee - r ad i ca l 
mechanism followed by rearrangement in the molecule. 
Homolytic f i s s i o n of ace ty l ch lo r ide molecules in presence oi 
43 
zinc dust provides ace ty l r a d i c a l s and zinc ch lo r ide . This 
zinc chlor ide (lewis acid and Fr i ede l -Cra f t s c a t a l y s t ) causes 
a rearrangement in the molecule to give the corresponding 
lactones, vvhereas, in choles t -b-ene (CXXX), only acetyl free 
r a d i c a l s were added to double bond to give d i a c e t y l cholestane 
(CXXVI). The probable mechanism i s shown as follows : 
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O 
II 
2 H3C-C-CI + Zn 
^6"6 
O 
H 
2 H^C-C. + ZnCl2 
CQH 8" 17 
0=C-CH, 
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H^C-C=0 
H 
Zn 
"» H2C=C=0 + H. 
CH2-C=0 
98^17 
O-V' 
ZnCl. 
ZnCl . 
Experimental 
Acvlation of cholest-S-ene CCXXI) with acetic anhydride and 
anhydrous zinc chloride t 6B-Acetylcholest-4-ene (CXXII) : 
The cholest-5-ene (CXXI) (2 g) was dissolved in carbon 
tetrachloride (40 ml), and to this was added homogenous solu-
tion of acetic anhydride (20 ml) and anhydrous zinc chloride 
(1 g) dropwise over a period of 1 hr at room temperature. The 
reaction mixture was stirred for additional 10 hrs under an-
hydrous conditions. Reaction mixture was poured into cold 
water. The residue was extracted with carbon tetrachloride. 
The organic layer was washed successively with water, sodium 
bicarbonate solution (53i) and again with water. Evaporation 
of the solvent under reduced pressure gave an oil which was 
chromatographed over silica gel (20 g). Elution with light 
petroleum gave the unreacted compound (CXXI) UOO mg). Further 
elution with light petroleum-ether (50:1) provided a semisolid 
: 302 : 
mater ia l which was c r y s t a l l i z e d from acetone to give 6p-acetyl 
choles t -4-ene (.CXXII) (400 mg), m.p. 118°C. 
Analysis found : C, 84.29; H, 11.58 
^29^48^ requ i res : C, 84.46; H, 11.65?^. 
IR : 2^^^^ 1705 (C=0), 1650 cm""^  (C=C). 
H-NMR: d 4.95 m(C4-aH), 3.03 brmCC6-aH), 2 .0 sCCH^CO), 1.1 
(CIO-CH3), 0.65 (CI3-CH3), 0 .9 , 0 .8 (o ther methyl 
p ro tons ) , 
Reaction of 6B-acetYlcholest--4~ene (CXXII) with hvdroxvlamine 
hydrochloride and sodium a c e t a t e t r i h v d r a t e ; 66-Acetvl-
cholest-4-ene-l*~oxime (CXXIII) : 
6p-Acetylcholest-4-ene (CXXIl) (2 g) in ethanol (120 ml), 
hydroxylamine hydrochloride (2 g) and sodium ace t a t e t r i hydra t e 
(3 .5 g) was heated under ref lux for 2 h r s . The solvent was 
removed by d i s t i l l a t i o n under reduced pressure , and the residue 
was poured in to cold water. The crude product thus obtained 
was f i l t e r e d under suct ion, washed with water and a i r - d r i e d . 
Then i t was pur i f ied by column chromatography, Elution with 
l i gh t petroleum-ether (50:1) afforded the unreacted compound 
(CXXII) (400 mg), fur ther e lu t ion with the same solvent system 
(10:1) provided the oxime (CXXIII) as an o i l (1.4 g ) . 
303 
Analysis found : C, 81.38; H, 11,41; N, 3.18 
^9^49°^ requires : C, 81.49; H, 11.47; N, 3.27%. 
IR : i) 3280 C-OH), 1640 (C=N;, 1620 cm""'- (C=C) . 
•'•H-NMR: d 5.0, m(C4-aH), 3.0 m(C6-aH), 1.8 S(CH3-C-N-0H;, 
1.43 (CIO-CH3), 0.83 (CI3-CH3), 1.33, 1.26, 0.95 
(other methyl protons). 
Friedel-Crafts acvlatlon of cholest-5-ene (CXXI) with propio-
nic anhydride and anhydrous zinc chloride : 66-ProDanvl-
cholest-4-ene (CXXIV) : 
Cholest-5-ene (CXXi; (2 g) in CCl^ (40 ml) was gradually 
added to a well-stirred homogenous solution of propionic an-
hydride (20 ml) and anhydrous zinc chloride (l g) over a 
period of 1 hr at room temperature. Stirring was continued 
for additional 6 hrs after complete addition. The reaction 
mixture was poured into cold water and extracted with CCl.. 
The carbon tetrachloride layer was washed successively with 
water, sodium bicarbonate solution (5%) and again with water and 
dried over anhydrous sodium sulphate. Removal of the solvent 
provided an oil which was purified by column chromatography. 
Elution with light petroleum gave the unreacted compound (350 
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mg). F u r t h e r e l u t i o n with l i g h t p e t r o l e u m - e t h e r (60:1) f u r -
n ished 6 P - p r o p a n y l c h o l e s t - 4 - e n e (CXXIV) as an o i l which was 
c r y s t a l l i z e d from m e t h a n o l - e t h e r mixture (450 mg), m.p. 99 C. 
A n a l y s i s found : C, 8 4 . 4 1 ; H, 11.69 
C ^ Q H ^ O r e q u i r e s : C, 84 .50 ; H, 11.73%. 
IR : :2^ „ ^ 1710 (C=0), 1650 cm"-^  (C=C). 
0 
^H-NMR: d 5 .6 m(C4-aH), 2 . 8 m(C6-pH), 2 . 4 - 1 . 8 m(CH3-CH2-C-^ 
1.63 (CIO-CH3), 0 .7 (CI3-CH3), 1.2, 1.08, 0 .85 
( o t h e r methyl p r o t o n s ) . 
Reac t ion of 6 g - p r o p a n v l c h o l e s t - 4 - e n e (CXXIV) wi th hydroxyl -
amine h y d r o c h l o r i d e and sodium a c e t a t e t r i h y d r a t e ; 6S-
P ropa^ny lcho l e s t -4 - en - l ' - ox ime (CXXV) : 
A mix tu re of ketone (CXXIV) ( l g ) , hydroxylamine hydro-
c h l o r i d e (1 g) and sodium a c e t a t e t r i h y d r a t e ( 1 , 5 g) in 
e t h a n o l (40 mlj was heated under r e f l u x f o r 2 h r s . The so lven t 
was removed under reduced p r e s s u r e and t h e r e s i d u e was d i l u t e d 
with cold w a t e r . The crude p roduc t t hus ob ta ined as so l id was 
washed wi th wa te r and a i r d r i e d . The oxime (CXXV) was c r y s t a -
l l i z e d from methanol (750 mg), m.p. 187°. 
Ana lys i s found : C, 81.58? H, 1 1 . 4 9 ; N, 3 .11 
^ 3 0 ^ 5 1 ^ r e q u i r e s : C, 8 1 . 6 3 ; H, 11 .56 ; N, 3.17?^. 
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-1 IR : -^ ^^ ^ 3280 (-OH;, 1660 cm"-" (C=N). 
r^i-NMR : d 3.25 m(CH3-CH2-C=0), 1.23 CCIO-CH3), 0.77 
CCI3-CH3), 1.2, 0.93, 0.85 (other methyl protons;. 
Reaction of cholest-5-ene CCXXI) with acetyl chloride in 
presence of zinc dust : 5.6B-Dlacetvl-5a-cholestane (CXXVI) : 
To a solution of cholest-5-ene (CXXI) (5 g) in benzene 
(100 ml), acetyl chloride (10 ml) was added dropwise. To 
this solution, zinc dust (0,5 g) was added in portions over a 
period of 1 hr. Stirring was continued for additional 8 hrs. 
During the reaction, slight warming is also required occasio-
nally. The reaction progress was monitored with TLC. The 
reaction mixture was poured into water and extracted with 
ether. The ethereal layer was washed with water, sodium bi-
carbonate solution (103^ ) and again with water, and dried over 
anhydrous sodium sulphate. Removal of the solvent under re-
duced pressure gave an oil which was purified by column chro-
matography. Elution with light petroleum ether-ether (100:1) 
gave 5,6P-diacetyl-5a-cholestane (CXXVI) as an oil. 
Analysis found : C, 81.58; H, 11.4 
^31^52^2 requires : C, 81.60; H, 11.27?^ . 
^^ • ^max 2940 (C-H), 1150 (-C-CO-C-), 1710 cm~^ (C=0). 
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H-NMR: d 2.19 s(C5-CH3C0), 2.14 SCC6-CH3CO), 2.42 brm 
(C6-aH;, 0.97 (CIO-CH3), 0.85 (CI3-CH3), 0.95, 
0.91 (other methyl protons). 
Reaction of cholesterol (CXXVIl) with acetyl chloride in 
presence of zinc dust i 3B-Acetoxvcholest-5a-hvdroxv-6B-(l*-
methylJ propanoic acid-d-lactone (CXXVIII) : 
To a solution of cholesterol (CXXVIl) (5 g) in benzene 
(100 ml), acetyl chloride (10 ml) was added dropwise, to this 
solution zinc dust (0.5 g) was added in portions over a period 
of 1 hr. Stirring was continued for additional 8 hrs. Slight 
warming is also required during the reaction. The reaction 
mixture was poured into water and extracted with ether. The 
ethereal layer was washed with water, sodium bicarbonate solu-
tion (10?i) and again with water, and dried over anhydrous sodium 
sulphate. Removal of the solvent under reduced pressure gave 
an oil which was chromatographed over silica gel (100 g). 
Elution with light petroleum ether : ether (100:3) gave com-
pound (CXXVIII) as an oil. 
Analysis found : C, 77.04; H, 10.50 
^33^45^4 ^^q^i^es : C, 77.05; H, 10.51%. 
^R • >^ mov I'^ O^ (-0-C=0), 1050 cm"-*- (C-0). 
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"^ H-NMR: d 2.05 s(-O-CO-CH3), 4.1 mc(C3-aH, va/2 = 16Hz, axial), 
1.38 mc(C6-aH), 1.32 mc(Cl'-aH), 2.35 brsC-O-CO-CH^-), 
1.16 cl(Cl'-CH3), 1.25(C10-CH3), 0.85 (CI3-CH3), 0.98, 
0.93 (other methyl protons). 
Reaction of 3B-acetoxvcholest-5-ene (CXXIX) with acetylchloride 
in presence of zinc dust : 3B-Acetoxvcholest-5a-hvdroxy-6B-(1'-
methvl)propanoic acid-d-lactone (CXXVIII) : 
To a solution of 3B-acetoxycholest-5-ene (CXXIX) (5 g) in 
benzene (100 ml), acetyl chloride (10 ml) was added dropwise. 
To this solution, zinc dust (0.5 g) was added in portions over 
a period of 1 hr. Stirring was continued for additional 8 hrs. 
Slight warming is also required during the reaction. The reac-
tion mixture was poured into water and extracted with ether. 
The ethereal layer was washed with water, sodium bicarbonate 
solution (10%) and again with water, and dried over anhydrous 
sodium sulphate. Removal of the solvent under reduced pressure 
provided an oil which was chromatographed over silica gel (100 
g), Elution with light petroleum ether : ether (100:3) gave 
product (CXXVIII) as an oil. 
Analysis found : C, 77.05; H, 10.50 
^33^45^4 requires : C, 77.05; H, 10.51% 
IR : ;>^ ^^  1740 (-0-0=0), 1050 cm'^ (C-0). 
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^H-NMR ; 0 2.05 s(-O-CO-CH3), 4.1 mc(C3-aH, Wl/2 = l6Hz, 
axial), 1.38 mc(C6-aH), 1.32 mc(Cl'-aH), 2.35 brs 
(_0-C0-cH2-), 1.16 d(cr-CH3), 1-25(C10-CH3), 
0.85 (CI3-CH3), °-^ »^ °-93 (other methyl protons). 
Pieaction of 33-chlorocholest-5-ene (CXX) with acetvlchloride in 
presence of zinc dust ; 3g-Chlorocholest-5a--hvdroxv-6g-(l'-
methvljpropanoic acid-d-lactone (CXXX) : 
To a solution of 3p-chlorocholest-5-ene (CXX) (5 g) in 
benzene (100 ml), acetyl chloride (10 ml) was added dropwise. 
To this solution, zinc dust (0.5 g) was added in portions over 
a period of 1 hr. Stirring was continued for additional 8 hrs. 
Slight warming is also required during the reaction. The reac-
tion mixture was poured into water and extracted with ether. 
The ethereal layer was washed with water, sodium bicarbonate 
solution (10%) and again with water, and dried over anhydrous 
sodium sulphate.. Removal of the solvent under reduced pressure 
provided an oil which was chromatographed over silica gel (lOO g) 
Elution with light petroleum ether : ether (49:1) gave product 
(CXXX) as an oil (positive Beilstein's test). 
Analysis tound : C, 75.76; H, 10.38 
^31^51^2^^ requires : C, 75.76; H, 10.39%. 
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IR : ^„ V 1'740 (-0-C=0), 1050 (C-0), 770 cm""^  (C-Cl). 
max 
•••H-NMR: a 3.3 mc(C3-aH, Wl/2 = 15Hz, axial), 1.4 mc(C6-aH), 
1.33 mc(Cl'-aH), 2.4 brs (-0-C0-<:H2 ) , 1.18 dCcl'-CHg), 
0.98 (CIO-CH3J, 0.85 (CI3-CH3), 0.93, 0.9 (other 
methyl protons). 
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